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PREFACE

This is the fifth annual report of the program authorized by, and conducted
in accordance with, the Water Resources Research Act as amended. The report is
responsive to the reporting requirements of the Act and the Rules and Regulations
developed to assist in administering the Act. Items of required information are
underlined in the following paragraphs for ready identification, and page numbers
or sections of the report in which they appear, are listed.

Disposition during theyppicaleilonesaropriated
to carry out the Act is discussed, beginning on page 112, and shown in Appen-
dices G, H, I, J, and L. Fiscal Year 1969 annual allotments, grants, contract
awards, and disbursements are shown in Appendices A to E, and the status of funds
appropriated in prior fiscal years, in Appendix F.

Results expected to be accomplished through projects financed during
Calendar Year 1969 are discussed by water problem areas in Part I. The first 10
of the 12 problem areas described in the account of "Research Results and Their
Application" are condensations of statements from a draft report of the Committee
on Water Resources Research, rederal Council for Science and Technology (FCST).
The eleventh and twelfth problem areas were added to encompass those P.L. 88-379 -
supported projects which did not fit in any of the 10 categories. The allocation
of water research funds appropriated under the Act is shown by problem area, in
Figure 1, and by FCST research categories, in Figure 2. The FCST research cate-
gories are described in Appendix N.

Conclusions reached in, or other results achieved byaresearclLprojesn
completed in 1969 are described in Part I with respect to research; and, in
Part II, contributions to training and the production of reports and publications
and the dissemination of information are discussed.

An account of the work of all institutes financed under Section 100 of the
Let is given in Part IV. This Part, composed of a highlights statement by each
State institute approved under the Act, supplements Parte I and II.

A statement indicating that no portion of an allotment to any State has been
withheld appears on pagell2, paragraph S.

The comments and recommendations of the 1969 Special Advisory Panel relative
to the needs and problems of the overall program are included as pages xv to xx
of this report. Comments and advice expressed by the State institutes with
respect to problems in administering the program are given in Part PA.

Pert 111 is an account of the activities of the Office of Water Resources
Research (OWRR) in administering the program at the Federal level for the
Department of the Interior. OKRA acknowledges with thanks and appreciation, (1)
the helpful advice of the Special Advisory Panel mentioned in the previous para
graph which is convened annually in accordance with the Rules and Regulations;
(2) the work of consultants employed to provide critical reviews or state-of-the-
art reports on selected problem areas; (3) the valuable assistance of many Federal
agencies, both within and catside of the Interior Department, on the review of
research proposeio; (4) the outstanding response of participating universities to
the needs fur it.proved research and training in the water resources field; (S)
State agencies which ere providing increased support for research and cooperating
in many other ways; (6) the deeonstratsd desire and competence of private industry
and nonacadeatc research firma to assist in solving water problems through par-
ticipation in Title II research and serAng on advisory panels; (7) the leadership
of the Si State institute directors and, their university colleagues who have
developed effective water centers responsive to local, State and regional needs
and have rubmitted high quality annual reports on which to bate the present report;
and (6) the demonstrated interest of the 6ongress, the Executive Office of the
President, and the general public without whose support this cooperative Federal
State research and training program could not have been launched so successfully.
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Memorandum

UNITED _STATES
DEPARTMENT OP THE INTERIOR

OFFICE OF WATER RESOURCES RESEARCH
WASHINGYON, 0. C. MAO

,

To: Secretary of the Interior
Through: Assistant Secretary for Water Quality ,,1

and Research, and Under Secretary

From: Director, Office of Water Resources Research

Subject: Annual Report--Office of Water Resources Research

Submitted herewith is a report of activities and accomplishments for
1969 in accordance with the regulations for administering the Water
Resources Research Act of 1964 (18 CFR 506.5) and Section 307 of
P.L. 89-404 (80 Stat. 130) dated April 19, 1966.

I was privileged to become acquainted with this cooperative research
and training program as a member of the 1967 Special Advisory Panel,
convened in accordance with the Act. Now, as Director of the Office
of Water Resources Research, I can state with a measure of pride that
continued progress has been made in achieving the major objectives of
the Act, "to assist in assuring the Nation at all times of a supply
of water sufficient in quantity and quality to meet the requirements
of its expanding population ...." The program has become widely
recognized since its inception five years ago for its contributions
in research and training, information exchange, and, at State and
local levels, public and academic involvement in water resources
planning and management.

Pursuant to reporting requirements, we have included, in the report,
advice and recommendations of the 1969 Special Advisory Panel rela-
tive to the overall program, examples of researcn results, expected
results and other accomplishments, and a statement that all funds
appropriated for allotments and grants have been made available to
the State water resources research institutes--none having been withheld
for any reason.

I recommend that this document be adopted as your report to the President
and to Congress as required by the Water Resources Research Act of 1964

as amended.

Approved and adopted as the report
of ttya r tary of the Interior

(-7 OfC 1 1969

,V-tel/doting Secret
biA ei
ot tne inter

Ior ( (LC.

Enclosure

H. G. Hershey



SUMMARY AND CONCLUSIONS

Program Objectives

Although, in its fifth year of support, the Federal funding level remained
approximately the same as in Fiscal Year 1968, continued progress was made in
furthering the major program objectives "to stimulate, sponsor, provide for, and
supplement present programs for the conduct of research, investigations, experi-
ments, and the training of scientists in the fields of water and of resources
which affect water." Significant advances were made, also, in promoting water
resources scientific information exchange, technology transfer, research co-
ordination, and public education.

Number of Participating Institutions and Organizations

Highlights of this nation-wide, cooperative Federal-State research and
training program at the State level are given in Part IV of this report. These
are in the form of brief individual statements of the directors of the 51 State
water resources research institutes approved under the Act. These institutes or
centers, located at a State university in each State and Puerto Rico, serve as
focal points in administering the program. Participation of other universities
and institutions, non-academic or industrial research firms, and private or
public rr,earch entities is encouraged, however, and, in Fiscal Year 1969, ap-
proximately 800 research projects were being carried out by 132 colleges and
universities, 19 private or commercial research firms, 2 non-profit organizations,
and 4 public agencies at State and local levels.

Examples of Application of Research Results

Aftar 5 years of support for Title I research, most of the State institute
d. ctors -- and many of the Title II research grantees or contractors after only
2 y !rs -- were able to cite examples of the application of research results from
P.L. 88-379-supported projects. These are included in Parts I and IV of the
report, but may be illustrated by the following:

* An Alabama project (8-007-ALA) has received world-wide
recognition for information on hydrology of limestone terranes and
for preparation of an annotated bibliography of over 2000 references.
This bibliography will be distributed as pact, of the program of the
International Hydrologic Decade.

* A report on heat losses in circulating water distribution
systems in subartic Alaska is reported to be required reading for
all U.S. Public Health Service engineers upon their arrival in the
State.

* Results of project A-008-ARK, concerned with digital systems
for on-site data collection for water quality analysis, have assisted
the U.S. Fish and Wildlife Service in fish hatchery operations in-
volving the measurement and control of oxygen in water.

* Results of project B-001-CAL, dealing with optimization for
power generation, peaking power, and water releases from the many -

storage reservoirs involved in the California Water Plan, have been
directly used by the State in its planning.

* Extensive application of stream bank stability criteria
developed in projects A-002-COLO and 8-014-COLO has been made in
planning highway construc (n through the Rocky Mountains to prevent
erosion and sediment pollution.

xi



* Project B- 006 -IDA has developed information being used the

State Reclamation Engineer in Idaho to establish reasonable levels
of pumping lift in administration of ground water laws.

* As a result of project A-008-IND which showed a critical
shortage in Indiana of manpower for water resources positions, a
new associate degree curriculum was developed for the training of
technicians.

* Data from projects A-022 and 023-MICH, indicating that streams
entering Lake Michigan from the Lower Peninsula of Michigan contribute
over 11,000 pounds of phosphorus per day, were used by the State
regulatory agency in a decision to require 80 percent removal of
phosphorus from sewage effluent by municipalities in the Lake Michigan
drainage basin by 1972.

* New Jersey studies have determined the operating effectiveness
and costs of instream aeration systems. The studies indicated that
when applied to the Passaic River, New Jersey, an aeration system
which would cost $194,000 annually would be as effective in raising
dissolved oxygen levels as advanced waste treatment estimated to cost
$785,000 annually.

* Telemetry developments under project A-002-UTAH are being
used in operational programs by the U.S. Department of Agriculture.

* The Tri-State Transportation Commission in New York City
notified OWRR that results of a Title II project (C-1114), conducted
by personnel of Barnard College of Columbia University, had immediate
application to the long-range water supply and sewerage plan for the
Tri-State Region of New York, New Jersey and Connecticut.

* Use of water reservoirs in urban areas for flood control, with
projected multiple-use benefits of water conservation, reduced costs
and multi-use reservoir benefits was the subject of project C-1187
conducted by North American Rockwell Corporation. Actual economic,
engineering and benefits data from Santa Maria, California, were used
in the evaluations. A number of urban areas have shown considerable
interest in this water reservoir approach to flood control and further
application of a demonstration project is being developed by the city
of Santa Maria.

Seed Money Effects

These research results are being produced by both applied and Lndamental,
short-term and long-term projects. Non-Federal funds or the equivalent are used
for supplementing or matching Federoll funds in all Title I projects and in many
Title II projects. Many projects,initiated with modest seed-money funding from
OWRR, have shown such promise that additional support from other Federal or non-
Federal agencies has been secured to mount more extensive and significant in-
vestigations. For example, the Montana Center director reports that with OWRR
funding not exceeding over $10,200 in any fiscal year since project A-007-MONT,
dealing with mountain precipitation and distribution, was started on July 1, 1966,
three associated grants and contracts were generated involving nearly $1.2 million
support from the Bureau of Reclamation, National Science Foundation and the U.S.
Army.

Manpower

Nearly 1200 professional investigators and 1862 student research assistants
from dozens of scientific and engineering disciplines were engaged in research on
Title I projects during 1968-69. Engineers, biologists, economists, and geologists

xii



were most numerous, but there was need in some of the projects for anthropologists,
landscape architects and many others.

Of 215 professional investigators assigned to 57 Title projects, 118 were
engineers, 24 were economists, and 15 were mathematicians, statisticians or com-
puter specialists. This reflects the emphasis placed on water resources planning
and systems analysis in the Title II program for 1969. Student assistants on
Title II projects numbered 114. Thus, the ratio of professional investigators to
student research assistants was 1:1.6 on Title I projects and 1:0.5 on Title II
projects.

Examples were cited of 71 trained professional investigators from 28 scientific
and engineering disciplines being attracted to the water resources .7teld in the
past year although previously they had not been engaged in water research or train-
ing. This brought new competence to the field and facilitated multidisciplinary
research.

Research and Training Facilities

Universities participating in the P.L. 88-379 program have responded to the
Nation's need for improved research and training facilities in the water resources
field by employing over 1300 new staff members since 1965; adding nearly 1300 new
water-related courses and constructing or acquiring new buildings, laboratories
and other facilities yearly. During Fiscal Year 1969, 58 universities reported
employing 238 staff members for new positions and 72 to replace employees who had
retired, moved, or died. About 13 percent of the new employees were supported,
in part, by P.L. 88-379 funds. New water-related courses reported by 61 partici-
pating universities in the 1968-69 school year numbered 286. Thirty-nine
institutions in 32 States reported construction of, or major addition to 15 new
buildings, completion of some 25 new laboratories, and construction or acquisition
of 26 or more other major facilities.

Student Training

Formal student training is a function of the university and is not supported
directly by OWRR. However, 1862 students served as research assistants on Title I
projects during Fiscal Year 1969, and 114 students served in a like manner on
Title II projects, making a total of 1976 receiving P.L. 88-379 financial support.
Their work as research assistants under qualified principal investigators provided
valuable experience. Nearly 4300 students in water-related training were reported
to have benefited from the use of supplies and equipment purchased in connection
with the research program.

Statistics on students enrolled in water-related curricula at universities
are not readily available and there appear to be inconsistencies in reporting
from year to year due to various interpretations of what constitutes a water re-
sources student. The rapid increase in student enrollment reported in water-
related fields between the 1964-65 school year and the 1966-67 school year
appeays to have slackened; yet, 4978 students were reported to have graduated in
1968-69 compared with 4513 in 1967-68. Over 13 percent of the graduates reported
for school year 1968-69 had received F.L. 88-379 support as research assistants --
8.1 percent of the bachelor, 19.0 percent of the master, and 26.8 percent of the
doctoral graduates. Of approximately b0 percent of the graduates whose status
was known following graduation, 47, 29 and 24 percent, respectively, obtained
water-related positions, returned to school for further training, or went into
military service.



Public Involvements

There is increased recognition on the part of State institute directors and
other university staff members of the need for public involvements, as well as
academic activities,and for improved means of transferring research results and
technology to action agencies. Examples are given in Parts II and IV of this
report. Many of the symposia, seminars and public meetings held contribute to
student training as well as to public education.

During the year 1968-69, the Title I program produced 574 publications,
225 theses and dissertations, and 230 project completion reports; the Title II
..-!ogram produced 52 publications, 5 theses and 13 project completion reports.
imilability of these publications and reports is described.

OWRR Activities

At the Federal level, the P.L. 88-379 program is administered by the Office
of Water Resources Research. The OWRR staff of 37 with the cooperation of other
Federal agencies, the academic community, and private firms and consultants
knowledgeable in the water resources field, strives to facilitate the work of the
State water resources research institutes and other participants, and, in other
ways, carry out the objectives of the Act.

During the past year OWRR (a) sponsored the fourth annual water resources
research and program coordinating conference; (b) contracted with consultants to
prepare critical reviews or state-of-the-art reports on ecological considerations
in water resources management, and a general assessment of systems engineering
as applied to water resources; (c) held seminars on such subjects as systems
analysis, dispersion of water pollutants, physical and mathematical models of
estuaries, analysis of small watershed responses and soil water movement; (d)
initiated a systems approach to Great Lakes research and (e) staff members par-
ticipated in many intradepartmental and interdepartmental committees concerned
with water resources planning, research and management.

Steps were taken to respond to the recommtndations of the 1968 Special
Advisory Panel and to develop a top-priority program of research on urban water
resources problems. To implement this program, 36 Title II research projects
were selected for support in Fiscal Year 1970 with emphasis on metropolitan water
resources and systems analysis in water planning and management.

The OWRR-managed Water Resources Scientific Information Center (WRSIC) was
enhanced by (a) expansion of the information base in machinable form; (b) improved
user services in the form of selected water resources abaticets, indexes, and a
limited selee:ive dissemination information service; and (c) establishment of 3
additional centers of competence for abstracting water-related literature.
Volume 4 of the Water Resources Research Catalog was published as a convenient
means of informing researchers of current water resources studies and of keeping
unproductive replication of research effort to a minimum.

With constant sharpening of focus on, significant water problems and high
priority research needs; increased awareness of, and attention to, dissemination
of scientific information and the need for improved technology transfer; and its
contributions to research coordination, and research and training capabilities
as well as direct suppert of research in the water resources field, OWRR's role is
clearly established after five years of operation.

xiv
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DECEMBER 1, 1969

REPORT AND RECOMMENDATIONS OF THE SPECIAL PANEL-
1/

CONVENED PURSUANT TO REGULATIONS OF THE
SECRETARY OF THE INTERIOR

(CFR Chapter IV, Section 506.5)
TO ADVISE ON THE OPERATIONS OF THE
OFFICE OF WATER RESOURCES RESEARCH

The Panel met on November 18 and 19, 1969 in Wichinton, D. C. to review the
operations of the Office of Water Resources Research after having been furnished
a draft of 1969 Annual Report and the published 1968 Annual Report. The Director
of the OWRR, Dr. H. G. Hershey, and its Associate Director, Mr. E. D. Eaton, made
themselves available throughout the Panel meetings, presented summaries of perti-
nent current information, provided additional documentation requested by the Panel
and answered questions raised during the Panel's deliberations.

After consideration of the draft of the 1969 report, previous annual reports,
recommendations of previous Panels and the specific purposes of the Water Resources
Research Act of 1964, the Panel concluded in general that the 1969 Annual Report
effectively portrays the current situation, that the broad purposes of the Act of
1964 are being accomplished in a number of significant ways, that the adminis-
tration of the Act by the OWRR is to be commended and that there are a number of
areas that deserve consideration for increased emphasis or new action.

WATER RESOURCES RESEARCH INSTITUTES (ALLOTMENT PROGRAM)

The general purpose of the allotment program is to provide financial support
to each State for operation of an institute to conduct water research and to train
scientists and engineers by student participation in approved research projects.
The established institutes in the 50 States and in Puerto Rico were granted
$100,000 each in 1969, a total of $5,100,000. Although matching non-Federal funds
are not required, the States are contributing nearly $4,000,000 and have 460 re-
search projects in progress with more than 1000 students participating.

By far the most effective instrument for analysis by the Panel of the
activities of the institutes is the summarization in this annual report for the
first time of highlight reports by the 51 institute directors. The Panel believes
that this practice should be continued, refined, and utilized in many ways.

First, it can provide the OWRR, its advisory panel and the 3000 or more
recipients and readers of the OWRR annual report with a practical means of under-
standing this aspect of the objectives of the Water Resources Research Act. Few
readers of the annual report of OWRR can go deeply into all of the individual
State institute reports or into even a few of them. Without a general awareness of
what is happening in every institute, it is difficult to judge what can and should
be done beyond the efforts of the institutes. Secondly, each institute can profit
by the experience of the others. Ideas can be gleaned for better formulation and
conduct of individual institute programs, for possible inter-institute or regional
activities and for the most effective role of the institutes in accomplishing the
total of the purposes of the Water Resources Research Act.

Finally, the institutes can, through knowledge of each others methods,
policies, and results, become effective instruments in bringing the results of
their own and others research into practical application through the decision-
making processes pertinent to their respective areas and problems.

The Panel visualizes communication of research results and implications as an
important role of the institutes as well as of OWRR itself. This does not mean

1/ The composition of the 9-member Panel is recorded on page xx.



that an institute should assume the role of an advocate for or an opponent of
specific solutions to water problems. Rather it means that an institute can and
should utilize all means available to it, such as advisory panels, seminars,
newsletters, and other media for contact with the public, such that the effect is
to provide the public and ultimately, the decision-makers, with authentic infor-
mation rather than with uninformed opinion or even misleading information as a
basis for decisions on water management.

The Panel, therefore, urges that the institutes utilize every means available
to them to enhance public understanding of research findings and their implications
as to the type of public and private action and decisions needed to make the re-
sults of research effective. This is being done in various ways in some centers
and should be a continuing objective of all institutes, not only for its obvious
benefits in improving decisions on specific current local problems but in providing
improvement in administrative and legislative procedures for solving future water
problems.

It is noted that many institutes are already able to report examples of the
application of their work to the solution of specific problems. This is grati-
fying and should be used as a major element of justification in support of the
fullest possible utilization of the institutes' activities. Specific examples of
monetary savings improved decisions and other tangible evidence would be particu-
larly useful in this respect.

Among the types of possible institute activities that are not frequently
mentioned are regional activities, inter-disciplinary action, and use of advisory
groups. The Panel considers these as important aspects of the role of the
institutes and hopes that future reports of directors will show what has been and
can be done along these lines.

In discussion with the OWRR staff, the Panel gained the clear impression that
direct contact between OWRR staff and the institutes has not been extensive. The
Panel believes that OWRR staffing should be augmented to meet the institutes needs
and desires in this respect.

The results of the institutes activities to date have been remarkable con-
sidering the variety of problems, procedures and resources available to them.
The Panel believes that the general practice of vesting the responsibility for
heading, guiding, organizing and decision-making in the institute in outstanding
men who also have other responsibilities in their universities is sound. However,
consideration should be given to an "executive-secretary" and small permanent
staff setup devoted exclusively to institute affair- whenever warranted by the
scope of activities and other circumstances involve° in the arrangement for the
inatirure,

The Panel is well aware that the foregoing observations imply greater
financial support for the institutes than is now available. The Panel urges such
additional financial support and specifically endorses the proposed amendments to
the Water Resources Research Act recently developed by the Universities Council
on Water Resources and the National Association of State Universities and Land-
Grant Colleges, the main effect of which would be to increase the authorization
for annual allotment from $100,000 to $250,000. The Panel believes that this
specific amendment as well as the accompanying amendments proposed by UCOWR should
be adopted.

MATCHING GRANTS TO THE STATE WATER RESOURCES INSTITUTES

Under this program, the State institutes compete with each other for Federal
funds which they are willing and able to provide to permit their sponsorship of
specific research projects not otherwise fundable because of the projects and
activities they have elected to support with their "allotment funds" as discussed
above. Whereas the nature and scope of the allotment program results in
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concentration on local problems as was intended by the Water Resources Research
Act and requires only general guidance by OWRR to avoid duplication and un-
necessary effort, the matching grant program requires consideration of the national
interest and major problems of regional or extraordinary local significance. The
results have been that more than three-quarters of the available Federal funds for
matching have been channeled to the currently designated major national problem

areas.

The basic Act authorizes $5,000,000 annually for this purpose. In 1969,

$3,000,000 were appropriated and applied to the most promising of $8,700,000 north
of matching grant requests.

The Panel considers that OWRR has obtained the best possible advice in
appraising these requests and has administered this phase of the program effectively.
It also considers that the full amount of $5,000,000 annually now authorized should
be appropriated because the opportunity for an equal amount of non-Federal funds
is not being fully utilized for worthwhile and urgent projects which fall within
the categories of major national problems.

CONTRACTS AND GRANTS TO ORGANIZATIONS OTHER THAN INSTITUTES

Under this program, $8,000,00C was authorized and only $2,000,000 appropriated
for use in 1969 to contract with grant to any institution, public or private,
for research considered desirable by OWRR and not otherwise provided for in the
allotment or matching grant programs. In 1969, 320 usable proposals at an esti-
mated cost of $38,000,000 were received. Of these, 31 were funded within the
$2,000,000 available. There are now 62 projects being funded under the Title It
program. Universities (other than Title I institutes) have 35, 20 are in private
industry, 4 in non-profit research foundations and 3 with State and local govern-
ments. Practically all of the projects are within the categories designated as
most important to improvement of water resource management.

This is the area which is most demanding in discrimination and judgment by
OWRR itself. The Panel believes, however, that it is an area that offers the
most flexibility in use of Federal funds for rounding out the total requirements
for research on the most urgent water problems. The national interest rather than
solution of local problems is and should be a major consideration in selecting
projects in this category. Also the flexibility for utilizing special talents and
inter-disciplinary combinations not available in the other programs is an important
factor is support of the Title II procedure. This is the only area in which the
OWRR staff can exercise initiative in formulating research projects that are needed
to balance the fulfillment of the total objective and which are not forthcoming
through the processes of the allotment and matching grant progrsms. Finally, this
is the area where special talents not available to the institutes can be brought
to bear on recognized problems.

The Panel considers that the OWRR administration of the Title II program
deserves commendation. It believes that the OWRR analysis and review procedures
for Title II proposals, which include advice from the most knowledgeable sources
on the subjects concerned, result in the selection of the best projects and best

'o( executors of those projects. Proposals received far exceed the number fundable
both in numbers of projects and costs. After careful rating of the urgency,
relevancy, possible usefulness, competency of the researchers and many other
factors, the OWRR has not yet been able to accept any proposal which has not been
adjudged as number one or two on all of the several criteria applicable in the
selection process. One of these criteria which the Panel considered important is
that thr. project should not be approved if it is merely the solution of a problem
that could be arranged for by direct arrangements with an engineering firm or
similar agency available to the organization which has the problem. Another is
the competency of the talent and resources available to the contractor. The Panel
is well satisfied that these and other criteria are being well appraised through
its staff and advisory procedures. The Panel is further convinced that this 'he
of the OWRR program deserves expansion and additional financing.

xvii
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OWRR ACTIVITIES IN GENERAL

The Panel's reaction to its review and discussion of specific current and
proposed activities of the OWRR is generally favorable and commendatory. It has
not attempted to review nor to analyze progress on all recommendations of previous
panels but in general concurs with them and believes satisfactory progress is being
made in their direction.

The Panel was advised that a brief summary of the OWRR annual report designed
for wide distribution acid general understanding of the activities under the Water
Resources Research Act is in preparation, The Panel's reaction to this develop-
ment was mixed and suggests future appraisal of the usefulness of the extra effort
required for this innovation and comparison with the effectiveness of other efforts
toward improved communication, public understanding and awareness and desirable
involvement of all concerned with improvement of water management.

The growth and increasing utility of the Water Resources Science Information
Center (WRSIC) has been noted. The Panel concurs with the previous conclusions
of the importance of this activity and the current plans for its improvement.

AREAS OF EMPHASIS

In its review of the contributions of the Water Resources Research Act
programs to the 10 major problem areas identified by the Committee on Water Re-
sources Research of the Federal Council for Science and Technology, the Panel
concludes that the activities under the Water Resources Research Act have con-
tributed appropriately to their solution and in harmony with the contributions of
these areas being afforded by the mission-oriented programs of Federal agencies
and other research activities related to water. In addition, OWRR activities have
pr3duced additional emphasis on the significance of groundwater in the hydrologic
cycle and in basic water knowledge generally.

Without reflecting adversely on the need for emphasis in the several generally
recognized problem areas, the Panel was in agreement that the problem of improving
water resources system planning and management processes, to which OWRR has
directed great emphasis:, continues to deserve special attention. This includes
atten 'ln to the phase of research mentioned by the Senate Committee Report on
OWRR' 1970 Appropriation Request (Sen. Rept. No. 91-420, 91st Cong., First

22-23, Sept. 18, 1969) namely, the measurement of benefits resulting
from water resc tre!e projects and the implications of such data on the formulation
and evaluation oi future projects. The Panel concurs completely in the need for
this type of research and application of its results to future planning and
decision-making. In this area and in the entire area of research needed for
improvement of water planning, decision-making and management, the Panel is con-
vinced that the case-study approach is a necessary first step and urges that
all such possibilities be given high priority.

Again high on the list of major needs is research on water in relation to
solution of urban problems. This is not to say that increased knowledge about
water in rural and agricultural areas is not also important. In fact, the effects
of water use in non-urban areas is often a major factor in urban water problems.
Nevertheless, the Panel is convinced that research directed specifically to
solution of urban problems requires special emphasis and increased support and is
gratified to have been advised that the Secretary of the Interior has already
directed OWRR to contribute to this objective.

CONCLUSIONS AND RECOMMENDATIONS

The 1969 Advisory Panel concludes that the operations of the OWRR to date are
to be highly commended and that they have contributed significantly to the improve-
ment of the management of the Nation's water resources.



The Panel. recommends generally that OWRR follow up on the spenifiz suggestions
outlined in the Panel's report and specifically that OWRR take acpropriate action
towards the following ends:

1. Continuation and refinement of the summary reports by
Institute Directors in the OWRR Annual Reports.

2. Expansion of the institutes' role in communication of
research results and implications with a view to:

(a) Application of research results to practice

(h) Awareness by the public and decision-makers of
the implications of research results.

3. Increased allotments to State Water Pesources Research
Institutes.

4. Increased funds for matching grants to the amount
uJiorized and beyond if matching offers warrant.

5. Increased funds for Title II activities to the amount
authorized and beyond if worthy proposals continue to exceed
funding capability.

6. Augmentation and adequate funding of the OWRR staff to
permit more direct contact with institutes and necessary activity
on expended matching grant and Title II work.

7. Continuation of emphasis on research designed to improve
water resources planning and management.

8. Added emphasis on research designed to contribute to
solution of urban problems.

9. Increased use of case studies to provide information for
improvement of planning and decision-making.
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Research under the PL88.379 program is concerned with many kinds of problems related to
many types of water bodies such as estuarine areas and the Great Lakes, rivers, ponds,
bogs, and springs.

Continuous Plankton Recorder used in the research protect A-011Minn
"A study of the open water distribution and abundance of net plankton as an
index of eutrophicatiun in Lake Superior"

Rainbow Springs, Florida
Photo, courtesy. Florida News Bureau

xx i

A small southern lakeLake Tsala Apopka, Florida
Co urtesy. Flor,da Development Commission
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PART I

RESEARCH RESULTS AND THEIR APPLICATION

THE INCREASED NUMBER OF PROJECTS COMPLETED IN 1969 PRODUCED A LARGE VOLUME OF
RESULTS HAVING FAR RANGING APPLICATION TO THE SOLUTION OF WATER RESOURCES PROBLEMS
AT LOCAL, STATE, REGIONAL AND NATIONAL LEVELS. SELECTED EXAMPLES OF RESULTS ARE
PRESENTED AS THEY APPLY TO TWELVE MAJOR WATER PROBLEM AREAS. THE EXPANDED SCOPE
OF ACTIVITIES OF THE WATER RESOURCES RESEARCH CENTERS AND INSTITUTES ESTABLISHED
UNDER THE ACT INDICATES THE INCREASINGLY IMPORTANT ROLE THEY ARE PLAYING IN THE
RESOLUTION OF WATER RESOURCES PROBLEM. THIS HAS RESULTED IN AN EXPANDING
RESEARCH PROGRAM INVOLVING AN INCREASING NUMBER OF DISCIPLINES. TO DATE, INCLUD-
ING COMPLETED AND ON-GOING STUDIES, OW RR HAS HELPED TO SUPPORT 1162 ALLOTMENT, 444
MATCHING GRANT AND 97 TITLE II PROJECTS. TITLE II PROJECTS HAVE BEEN CONTRACTED
WITH 37 UNIVERSITIES AND 28 RESEARCH AGENCIES INCLUDING PRIVATE ORGANIZATIONS AND
STATE AND LOCAL GOVERNMENT AGENCIES. THE ALLOTMENT AND MATCHING GRANT PROJECTS
ARE BEING CONDUCTED BY 119 UNIVERSITIES.

Introduction

To exemplify how research contributes to problem-solving, recent results of
OWRR-supported research are discussed as they apply to helping to resolve problem
areas.

The first ten problem areas were taken from a Hay 5, 1969, working paper of
the Committee on New Resources Research, Federal Council for Science and Tech-
nology. Descriptions of the areas are condensed versions of the report which
will be published by COM in final form at a later date. Figure I *hove allo-
cation of water research funds distributed by water resource problem areas for
Fiscal Year 1970. Figure 2 shows allocation of water research funds distributed
by OWRR by FCST category for Fiscal years 1967, 68, 69 and 70; and, Appendices
K and L list research projects by State, Title, FCST category, principal investi-
gator and fiscal years in which funded.

Research results and their application include examples of projects from the
three OWIIR research sponsored programs as follows: Allotment (prefix A);
Matching Grant (:refix 8); and Title II (prefix C). The twelve problem areas area

1. Improving Water Resources System Planning and Management Processes

2. Control of Heated Water Discharges

3. Control of Sediment

4. Water Quality

S. Meeting Increased Water Supply Requirements

6, Mitigation of Water - Caused Damages

7. Zonserving Ecologic Values to Water Resources Planning

8. Metropolitan Area Water Systems

9. Conservation of the Estuarial Water Resource

10. Dissemination and Application of Knowledge

11. Other Problems Related to the Hydrologic Cycle

1



12. Research on Other Problems Including Engineering Structures and Data
Collection

Examples of results are from both completed and on-going research. Since some

results are tentative and have not been published, readers are requested to con-
sult with principal investigators for permission to cite findings. Investigators
may be contacted through respective State Water Resources Research Institute or
Center Directors as listed in Appendix S.

Only a few representative projects under each problem area are listed. For

more detailed information on research activity by specific Institute or Center,
refer to Directors' Statements, Part IV of this report.

Water problems being studied are many and varied.

s,

The Apnt 1a, 1969 flood on Peachtree Creek in Northwest
Atlanta vividly illustrate% how lack of planning and man-
agement in urban watersheds has resulted in hatardows
flood plain occupancy. this house is in an atea te.ng
studied by an interdisciplinary research team at Georgia
Institute of technotogy, P.t. 611-374 under a title It Gant

Floods are a problem in urban,

suburban and rural areas.

flooding in the Minnesota river valley in 1464
trot.. ee.r4s, froptles *en 1111140(111 POSeVell (Wei
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FIGURE 1

APPLICATION OF WATER RESEARCH FUNDS
BY PROBLEM AREAS

Fiscal Year 1970 if

2.01

4

.201

40 as N.104 .011

Lai
5 6 7 8 9 10 11 12ial
PROBLEM AREAS

1/ Funds appropriated and allocated for research project cost. $9.827,519,FY 1970
(As of 10/10/691
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Photo. courtesy M.ssouri water Resources
nitwits Center
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Drainage from strip mines can be an important
source of water pollution. Vegetation is slow to
return to this area in Missouri where coal has.
been removed.

Problems may arise from the ivels.
position seen here of feedlot.take
tette alien area. Photo. courtesy South
Driers Water Resources Inst,Nte

Major new deposits of minerals are being
developed in southeast Missouri. Mining
companies are cooperating with Frojects

-41111 A021M0 and 8.021-MO to Insure that
streams of the area will continue to
provide water of high quality.

Several Georgia projects are concerned with urban
water rese's management One new project
(e 043-0A, Mitt as well as a Tide 11 project
tC13231 is specifically concerned with flood man-
agement in an Atlanta drainage area. shown here
during the April 1969 flood

Problems of Water Quality

New York State Electric and Gas
now operates the coal - fueled generator
plant Milliken station on Cayuga tale.
The Company's plans to build a nuclear generating
plant adjacent to Milliken have resulted in two of the
most complete studies ever made of a stratified lake.
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Water trom a Team generating plant at Thomas Hill
Reservoir has made winter fishicg a popular sport
in this area of Missouri. A fine limit-catch of large
mouth bass and one white crappie, laid on the
snow to cool. Temperature 20q, January, 1968
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Sociologists, Dennis C. Geerlsen (left) and Or. Wade
H. Andrews (right) of Utah State University examine a
collection of headlines dealing with social problems
associated with water use and development.

Many problems are socioeconomic in
nature and include development of a 1.

methods for valuing fish and wildlife

s st

and recreation.
Investigator interviews boaters at marina
launch in North Carolina study of the
recreational mistily of reservoirs and
lakes 18-013-NC)

A North Carolina study 113-01041C1 deals
with economic effects of land wee on
the reld of water from municipal
watersheds
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itapving Water Resources System Planning and Management Processes

Statement of the Problem

Water resources planning requires identification and acceptance of relevant
social goals established through democratic processes. These goals represent a
balance among factors of national economic efficiency, regional development,
environmental quality, the public well being, and preservation of flexibility to
meet changing requirements.

This problem area involves development of methods for evaluating probable
effects of water resources plans on these objectives. Research will Involve among
other considerations: determining the relation of water r sources planning to
other regional and functional plans; developing effective methods for analysing
probable consequences of proposed water resources programs; and evaluating and
developing institutions for planning and policy decisions required to meet social
goals.

Research

Techniques of Planning

New Mexico has a unique interdisciplinary-interuniversity project (B-011-NMEX)
involving principal investigators located in seven academic departments at three
universities. The study is entitled "A Comprehensive Water Resources Analysis of

Typical Overdrawn Basin in an Irrigated Semiarid Area - Pecos River Basin,
New Metlro." Preliminary subproject research for each discipline, geology-
hydrology, civil engineering, agricultural economics, agnonomy, economics, and law
is being completed and reports written. Through coordinating meetings and by
close working relationships between groups, the gross systems analysis, legal
aspects, and preliminary reports, by discipline, are being coordinated into an
overall final report which will be completed by April of 1970.

The final report is expected to be highly useful to decision makers at local
and State levels in water resources management of Pecos Basin. Also, results are
expected to be applicable to other overdrawn basins in semiarid areas of the south-
west.

The overall objective of a research study in Texas (8. 024-TEX) has been to
develop multistage optimisation methods which would permit incorporation of water
quality management into the problem of planning for optimum beneficial use of
water resources within a planning region. Specific tasks conducted in this
investigation incluled: (1) development of needed optimisation techniques, (2)
formulation of analytical models, (3) development of solution algorithms, and
(4) application of algorithms to a field problem (Trinity River Basin).

In this study, multistage optimisation methods have been developed which
permit efficient computational analysis. However, lack of adequate basic data on
water resources seriously hampers use of the model. Alto, to successfully solve
modern -day water resource systems it is necessary to simplify analytical detail
of the model or decompose the problem into more manageable parts. tt is believed
this approach will become more useful as quality of physical data improves and
as water resource planning problems become more complex.

A research project (C4310 entitled "Stochastic Basis for Comprehensive River
Basin Planning" is being conducted at Union College, New York. Three digital com-
puter programs were written one of which it a mathematical representation of a
single river branch with series of population centers and associated sewage
treatment plants along its banks. The method of gradients was used to obtain an
optimum set of treatment plant efficiencies that would minimise total cost of
water resources for the entire river.



The ultimate objective is to apply stochastic methods to systems analysis of
river basins. Potential of the program is being further explored in project
(C-1702) which will utilize physical parameters and economic efficiency functions
in applying optimization theory to the integrated model.

Under project C-1034 a variety of stochastic programming models for deter-
mining alternative operating policies for multipurpose reservoirs have been
structured, tested and, in cooperation with the New York State Depa 'anent of
Conservation, app:ied to regulation of the Finger Lakes in New York State. These
models have used both linear and dynamic programming techniques for their solution.
Operating policies derived from these models are defined for reservoirs that serve
a variety of complimentary and competing uses, requiring multiple objectives.

Perhaps the most significant contribution has been development of stochastic
methods for defining both design and policy of a water resource system having a
variable streamflow. Models that consider design as well as operating varables
of river basin systems as unknown have been successfully applied to the Delaware
River Basin in an effort to select preferred designs and policies for further
analysis by simulation. Simulation studies indicate stochastic design and policy
models are more effective for preliminary screening of alternatives than deter-
ministic models.

Stochastic design and policy models have also been applied to defining alter-
native low-flow augmentation policies. This application will be publishe4 in a
forthcoming book by the Harvard Water Program.

A long range study (C-1377) on systems simulation for management of a total
water resource is being conducted by the Texas Water Development Board. This
research represents a first step towards development of a computer-oriented
planning system for use in planning of large, multi-basin systems of reservoirs
and connecting river reaches and pump-canals such as the proposed Texts Hater
System.

Planning problems associated with the Trans-Texas Division of the proposed
Texas Water System were used to guide development of the programs and procedures.
Follow-on applications of these programs, sensitivity analysis, and program
improvements will be carried out in project C-1975.

Experts in stochastic hydrology from Illinois concerned with intangible fac-
tors of overall water resources planning propose, in project B-030-ILL, a basic
model of a hydroeconomic system for optimization. The proposed model, utilising
conjunctively surface water and ground water, may be applied to practical irriga-
tion, flood control, and pollution abatement problems.

A multiphase study in Indiana involving three projects (A0312, A-013, and
A0144RD) applies systems analysis techniques to water resources planning and
management practices in the Wabash River Basin. The recently initiated three-
year study is expected to lead to improved utilization of the basin's waters.

North Dakota research project (B-007-NDAX) is designed to evaluate methods
of irrigation for the purpose cf identifying desirA or designs which maximize
returns to resources in a sub-humid climate.

Computational models which simulate operation of specific types of sprinkler
irrigation systems are appld to long term climatic records of a test area. These
models will compute probability distributions of parameters (i.e., number of irri-
gations, days of system operation, acre - inches of water pumped, crop yield poten-
tial, etc.) which may be used to evaluate physical and economic potential
associated with a specific system type, capacity, and imposed msnageont regime.
These parameters are applied to specific combinatl of physical parameters
(soils, crops, and irrigated unit site) and relev coot and return functions
can be applied.



Results are expected to provide the planner with basic information needed to
estimate physical adequacy of a given design as well as associated economic evalu-

ation.

The New York State Conservation Department, Division of Water Resources, is
conducting a study (C-1126) of use of systems analysis in development of water
resources management plans for New York State. The research, being carried out in
connection with a State planning study in the Oswego River Basin, has developed
two simulation models. One deals with flow of water during flood periods, com-
putes lake levels, rates of flow in major streams, and stages of major streams on
short time intervals. Damages occurring under various scam conditions and manage-
ment procedures can be computed. The second model routes, or budgets, monthly
flows and operates the system of lakes to meet needs at key points for uses such
as navigation, water supply waste assimilation, irrigation, recreation, fish and
wildlife enhancement, and power. Problems with basic hydrologic data have been
encountc.ed with both models but, steps are being taken to correct the situation.

An optimisation model utilising dynamic programming has also been developed.
Hopefully, it will point out the most promising means of operating the system from
the infinite number of possibilities. These will then be tested through simula-
tion and it is expected the models will provide the analytical tools for studying
issues of basin-wide impact.

In another New York study (8-017-NY) the object it to evaluate alternative
techniques for involvement of the public in water resources planning and develop.
ment. It will accomplish this through measurement of attitudes, preferences and
awareness of community leaders and agency personnel before and after an experi-
mental program of public involvement in a small basin currently undergoing an
intensive planning effort. It is hoped this study will result in new approaches
by planners to water resources development and to greater public understanding
and involvement in the planning process.

Land development in vicinity of large multipurpose reservoirs poses many
problems in water resource management. Demar.:4 for reservoir shoreline usage is
increasing rapidly and conflicts between uses of the reservoir and shoreline
development are becoming acute. North Carolina project 11-012-NC involves develop-
ment of a forecast model for testing of alternative policy mixes for their effec-
tiveness in promoting desirable land development patterns around multipurpose
reservoirs. A concurrent study (15-010.NC) of the Durham Municipal Watershed is
investigating effects of various types of land use on water yield, quality and
cost.

In Miesepri, 125 public water districts are either in operation or in process
of being developed. Information on these later supply districts supported by the
Parsers Home Administration has been secured (A.018440). Among aspects studied
were attitudes of the people being served and problems of operations. Districts
are bringing ample amounts of high quality water to farmers and villages that pre
viously Lacked water meeting public health standards. It is believed this new
utility is halting or reducing population movement from rural areas to cities in
localities being served.

/valuation Process

In a case study of Clinton County, Pennsylvania ch.009440,the principal
investigators have provided an imaginative demonstration of the effectiveness of
input - output analysis for decision - making in water resource planning and manage-
ment. The basic approach was development of a combined money flow-water flow
input-output model for the county based on intensive local sampling of economic
activity in which economic activity and water usage (both quantity and quality)
are related. One of several interesting applications of this model was the
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analysis of a series of "real-life' alternatives for dealing with the problem of
water quality requirements for a large paper mill in the county, such as:

1. Accepting loss of the industry from the area because of poor
water quality.

2. Providing high quality treated water to the company from the
local water utility, passing full costs on to the mill.

3. Sharing above costs with the mill.

4. Various tax measures applicable either to the mill or
public-at-large.

The model clearly indicated direct and indirect economic consequences of the
above alternatives, providing decision makers with highly significant facts for
making their judgments.

Minnesota project B-031-M1NN is designed to study Participatory Ecology groups
in Minneapolis-St. Paul, Miami, and two other metropolitan areas in the USA. Major
research objectives are to: (la) Identify and analyze structure, function and
process in Participatory Ecology groups in each of the above areas; (lb) Determine
linkages with other Participatory Ecology groups across the country, and also with
other groups engaged in social action human rights; (lc) Determine processes in
movement formation, or impending factors. (2) Determine extent to which ideology
and activities of Participatory Ecology constitutes an attempt to redefine man's
relationship with the water resources environment. (3) Assess the adaptive sig-
nificance of Participatory Ecology in promoting ecological thinking and improving
quality of the water resources environment, particularly of urban areas, by such
means as (a) influencing power elite; (b) involving people at grass roots; and
(c) experimenting through trial and error in water resources environmental problem
solving. (4) Expanding knowledge about the social movement structure function,
process, capability and limitation. The three-year study should provide results
useful for evaluating the role of group action in improvement and development of
water resources.

In North Dakota the economic impact of construction of the Garrison Diversion
Irrigation project was studied (13-002-NDAK). The initial phase of the project
will permit irrigation of 250,000 acres. Ultimately, 1,000,000 acres are sched-
uled for irrigation when the project is completed.

The study area selected was seven counties in southwestern North Dakota. With
agriculture as the major basic industry an input- output study was made to project
economic impacts of changes in the economy resulting from the Garrison Project.
Interdependence coefficients based on regression coefficients were appl'ed to
increased agricultural incomes expected to result from the first 250,U00 acres to
be developed. This computation indicated that the expected $12,979,000 increase
in agricultural income would result in an additional income of $28,184,000
(multiplier effect) in the local economy. The analysis also indicated expected
distribution of this income among 30 sectors of the local economy.

Another study in the Northeastern part of forth Dakota (11-002.14EAK) was
designed to describe the economy of a ten - county area prior to start of construe
tion of irrigation and water-based recreation development expected to result from
Garrison Diversion project. input - output analysis will continue on a long -term
basis to permit measurements of the economic impact rf water-based development
in the area as it occurs. Results to date are being used by the Cooperative
Extension Service in their resource development program in the area.

A study (8-007.010) on economics of ground water development in the high
plains of Colorado was completed using recursive linear programming methods for
analysis. Life expectation of ground water aquifers was estimated for three dif-
ferent areas. these estimates ranged from approximately 40-150 years depending
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Quantification of statistical demand functions for five outdoor recreation
activities has been the objective of B-014-NY. Resulting functions have been used
for projecting future demand for these activities, their economic value, and the
effect of systematic pricing mechanisms on demand in Nei* York State. A research
bulletin reporting results of this phase of the project is being published. Hope-
fully, results can be integrated with planning programs for the Finger Lakes Region
of New York.

In Ohio, project A-009-OHIO explores public investment criteria for water
oriented recreation in the Lake Erie Basin. Two parts of the project, the invest-
ment study and demand study, are being combined and conclusions drawn on the sig-
nificance of various funding measures, including pollution taxes, user charges,
and other revenue sources.

Water Demand

Results of the joint Arkansas-Oklahoma projects D-001-ARK and 8-006.OKLA
dealing with water resources planning of interstate waters have been used by the
Arkansas-Oklahoma Compact: Committee in recommending apportionment of joint water
resources of these States. Through proposed computer studies based on recorded
flows, simulated storage and accompanying losses, the project is expected to pro-
vide a means of predicting flows and water quality for use in water planning and
management.

In project 11-002-NJ a comprehensive analysis of man-made organic pollution of
three important New Jersey river basins was completed and correlated with popula-
tion and industrial growth rates. Results indicate unrecorded pollution sources
such as storm drain runoff, agricultural activities, septic tanks, and spills
greatly exceed pollution loading emanating from recorded effluents. Based on
basin-wide analysis of DOD loading for the Passaic River, it was possible to com-
pute the number of aerators required for an FWPCAsponsored demonstration project
that Rutgers performed. This demonstration project utilising in- stream mechanical
aerators produced promising results that could conceivably lead to utilising
mechanical aerators as an adjunct or substitute for conventional sewage treatment.

During the past year, Hittman Associates of Columbia, Maryland, made signi-
ficant advances in building on their "MAIN I" system of computerised models for
estimating municipal water requirements. In project (C-I396), a computerised
predictive system was developed which calculates and projects municipal water
requirements, base! on specific demographic, edonomic, and climatological data.
This system is being utilized by Gulf South Research Institute as part of a com-
prehensive water and related land resource plan being prepared for the Department
of Public Works of the State of Louisiana. it is expected the system will also be
used in the Mississippi River Commission's Water Needs Study for Louisiana.

In an allied effort (C.1397), Rittman Associates developed a system of gen.
eralieed models for computerized evaluation of a wide spectrum of water conserva-
tion practices.

The purpose of Georgia project B-Oil -GA was to determine price and income
elasticities for utter consumption in the humid Southeastern United States. :louse
holders in 14 municipal water systems were interviewed for socio- economic chasm.
teristice and water consumption was correlated with these chatacteriatics.
Physical factors, such as lawn area, did not significantly affect household con
gumption of water. However, there were definite differences in consumption of
water dut to variations in prices of water and incomes or income surrogates such
as value of the residence. Price elasticities were generally about .68 and
income elasticities were generally about +0.80. Industrial consumption in poultry
processing plants, textile finishing and pulp manufacturing varied considerably
among olento in each industry according to gross use and use per unit of product.

PIPS 11 12 and 13.. Theme pages are ienurbered end out of
ran. ., In reading, please turn froa the bottom of page 10 to
page 13t theeee to pages 11 and ?: for proper continuity. items
relating to' simples of research ..alcusted on these page* appear
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However, these variations appeared more closely related to such things as age of
plane and management practices and not to price of water nor to value of marginal
product produced by that water.

Water Law and Institutions

A study (A-015-MINN) on hydrologic and other aspects of water laws and major
court decisions in Minnesota had, as part of its objective, determination of the
extent to which statutory laws and court decisions reflect existing scientific
knowledge of the hydrologist. Other aspects of water laws with which the study

was concerned include: areas of inconsistent regulation; extent to which water
policy has been defined and developed by existing water laws; extent to which
priorities of use have been established by existing water laws; effectiveness of
existing water laws in dealing with specific problems; a:A, water law obstacles
to effective water resource development and management.

The study indicates direction in which State water law is moving, and offers
suggestions concerning areas where legislative efforts might be placed with respect
to hydrologic and other important aspects of water law. This compilation is an
excellent water law source reference.

In Alabama, project B-012-ALA has dealt with legal aspects of water resources
use in relation to economic development. This State, with an abundant supply of
water, has had few serious water problems resulting in litigation during the past
few years. However, demand for water is increasing with industrial and urban
growth and eventually conflicting demands will be settled in the courts. In anti-
cipation of this, the study explored legal alternatives for control of water use,
such as zoning and permit systems, designed to prevent serious conflicts.

Two Kentucky projects (A-020 ar.cl A-022KY) are concerned with problems imposed
on people because of water developments which result in some form of cultural
change such as having to move. In the Salt River Basin near Louisville, ecologic
impacts of a reservoir scheduled for construction will be studied, including human
ecology as well as effects on flora and fauna. Hopefully, the study will provide
a better understanding of human problems in such undertakings to the end that
greater facilities for adjustment might be afforded people in similar future

efforts. Through a combination of studies--some completed and others recently
initiated--the biological, sociological, anthropological, and economic values as
affected by the reservoir development will be appraised.

Engineering Science, Inc. is completing a study (C-1496) on systematic evalu-
ation of management effectiveness of the Regional Water Quality Control Board
System of California. A computer-operated simulation model of the decision-making
process of the Regional Boards has been developed and is being used to examine
factors involved in the water quality control function. Results of simulation
runs will be used to gain insight into characteristics and structural elements
of decision-making in water quality management, with expected application to
policy-making in this field.

As a follow-on project Engineering Science will study decision processes
water quality management (C-1736). This study will evaluate, using dynamic simu-
lation techniques, decision-making processes at both agency and group or individual
levels in the multi-agency system of water quality management. A decision situa-
tion simulation package will be developed whi-.h can be used by water resources
management and policy-making groups to evaluate their own decision-making processes.

"Institutional Factors influencing Water Development in Texas" is the title
of project 13-025-TEX. Tvo kinds of land-water developments have been studied o

discover and analyze institutional factors which have been and will be import
One is development of land and surface water resources of the lower Rio Grande
for irrigation of crops. This is an area of intensive development and use, 1)01
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on (a) rate of well development, and (b) annual adjustment in enterprises. Each
area was programmed first with an assumption of restricted well development and
then increasing development. If well development is restricted on current levels,
economic life of the aquifer will be as long as 150 years in some cases. If cur-
rent well development is doubled every five years, irrigated agriculture will
become unprofitable in approximately 40 years.

This project is highly relevant to current ground water problems in Colorado.
The Colorado Ground Water Commission has been furnished an economic analysis for
use in policy and planning showing alternatives facing High Plains water users in
a ground water mining situation.

Project (B-005-FLA) is concerned with development of an opt.tmum water alloca-
tion scheme for the extremely complex water system of the Kissimmee-Okeechobee-
Everglades region of central and southern Florida. The Central and Southern
Florida Flood Control District was created in 1948 to provide relief from flooding.
A complex system of canals, levees, pumping stations, spillways, navigation locks
and retention basins has been developed, the operation of which is prescribed by
rule curves developed with flood control as their primary purpose. Since 1948,
when the District was created, critical water shortages in the Everglades and
objectives other than flood control have become increasingly important. Among
these are wecer supply, public recreation, fish and wildlife conservation, pro-
tection of ground water from salt-water intrusion, irrigation, agricultural
drainage and improvement of navigation.

This study will help in determining water management policies and operating
procedures for optimizing allocaticn among these needs.

A Utah study (B-004-UTAH) on economic effects of water allocation among
alternative industrial (non-agricultural) uses estimated increased demand for
water in the State between 1963 and 1975 to be 1,455,000 acre feet. Crops are
expected to require 1,203,000 acre feet and non-agricultural sectors 252,000
acre feet.

As was suspected, the marginal income value of water to the Stave was found
to be lowest for crops. The marginal income value was highest for sone of the
services categories. The study was regarded as providing a basis for forming a
list of priorities on the relative marginal value of alternative uses of water,
and on the relative needs and scarcity of water.

Water Resources Engineers firm of California has made encouraging progress in
developing an objective methodology (C-1477) for determining the value of a wild
river and providing the basis for decision-making en whether such a river should
be allowed to remain "wild," developed to a small extent, or developed fully to
produce traditional economic goods and services.

Two forward-looking methods are being worked out. The first expresses eco-
nomic growth patterns of river basins in mathematical terms so that relationships
between benefits to be derived and costs to be incurred under various levels of
development can be made explicit. All terms, both benefits and costs, are being
treated as monetary values. The second method is based on the requirement that
all values, both monetary and non-monetary in nature, shall be reduced to a common
unit of expression. This means that each element, e.g., dollars, picnics, and
redwoods will be treated according to a common numerical procedure. Measurable
dollar-benefits will be increased by a multiplier that reflects nonmeasurable
benefits that are either illusive, secondary dollar-benefits or those having
inestimable esthetic value.

Expected results, not heretofore achieved, should enable quantifications of
esthetic values and sound standardization of the evaluation procedure.
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with considerable problems of efficiency of use of land and water. Institutional
arrangements have contributed to these problems, for example: (1) uncertainty
in water rights has caused under-investment in facilities, (2) proliferation of
special districts has prevented attainment of optimum size of distributional units,
and (3) inappropriate water pricing policies contributed to inefficiency of use of
water. Effects of changes in these and other institutional arrangements on effi-
ciency of water use has been and is being studied.

The second development studied was land and Water Development -Nf the High
Plains for agriculture, industrial and municipal uses. Work has involved consider-
ation of institutional factors affecting both ground water and transfers and use
of imported water. Significant institutional factors were studied in terms of
their possible positive and negative effects as the plan is implemented.

Project A-024-GA will examine effects of municipal water service policies on
economic growth of suburban areas and wi'l involve investigations in 20 Georgia
cities with populations between 5,000 and 100,000. Effects of various water
extension policies on recent industrial growth will be determined. Findings will
be used to establish guidelines on wal:er management policies designed to attract
new industries.

ProjectA-012-NMEX is a study of the history of water utilization in New Mexico
and the Southwest--with particular reference to the impact of legal and institu-
tional controls on water management. Investigations are being made of the evolu-
tion of water law in New Mexico and the influence of Indian, Spanish and Mexican
law and custom as it has persisted in the State. Development of New Mexico water
law is being compare3 to other Western States. State impact of legal interpre-
tations and effects of certain federal legislation on water law is being analyzed.
Other factors being studied are: Impact of interstate and international river
compacts; extension of state control over groundwater; and broadening of the
pioneer concept of water use for domestic, agricultural and mining purposes t, a
much more comprehensive base.

A Title II multiphase grant (C-1228) with the University of Wisconsin haJ been
organized into a critical path framework directed to technical and institutional
aspects of water quality management. Results expected will permit comparison of
total cost of a minimum cost system, with total cost if uniform reductions in waste
discharges are required of all waste producers. Also demonstrated will be _Imita-
tions of existing institutional arrangements for realization of potential ecolomies.

In a Connecticut project (A-012-CONN) an economic evaluation has been made of
the State's water law system. Considerable attention has been directed to inter-
relationships among laws pertaining to water rights, public water supply and
pollution control.

Three economic concepts have been used. First, use of water resources depends
largely on costs and benefits resulting from particular uses, and, as far as
possible, rights and regulations should give consideration to all potential water
users. Second, rights and regulations should be sufficiently stable to encourage
investment and yet provide for reallocation of use in the course of time. Third,
there should be economic incentives to encourage reducing consumption and waste and
improving waste treatment processes.

Major conclusions of the study are: (1) uncertainties and inflexibilitiea
often associated with riparian rights have not impeded development of withdrawal
uses; (2) a permit system should be established for major ground water withdrawals;
(3) riparian rights have not been effective in protecting recreational uses; (4)
there is need for legislation to protect non-commercial uses from diversions for
public water supply and detention for hydroelectric production; and, (5) effluent
charges would be valuable in encouraging research on pollution control, but should
not be relied upon to limit waste.
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Primary emphasis of project A-013-NEB will be on legal alternatives for
achieving efficient conjunctive use of ground and surface waters in Nebraska. An
analysis will be made in Nebraska and other states, of legal-inr.titutional-adminis-
trative structures through which water is transferred between competing users and
uses. The following will be studied:, (a) problems resulting from the present
"dual system" of appropriative and riparian rights; (b) rights of overlying land-
owners to percolating waters that are tributary to a watercourse versus vested
rights in the stream itself, whether appropriative or riparian; (c) what other
States have done to reduce interferences between well owners and prior appro-
priators of surface watercourses; (d) problems of providing water supplies to
towns and cities and to industries outside territorial limits of municipalities;
and, (e) local districts in relationship to storage, groundwater management, and
integrated use of ground and surface waters.

Control of Heated Water Discharges

Statement of the Problem

Temperature is one of the most important environmental factors controlling
life on our planet. Through evolutionary processes, organisms have become adapted
to living within various ranges of temperatures. Both the optimum temperature and
range of temperature tolerance differ among species of organisms and constitute
dominant envivamental parameters affecting community structure and interspecies
competition.

Various side effects from man's advancing technology and rapioly increasing
population are producing significant changes in temperature in many natural habi-
tats. Increased rates of energy production required by the Nation will be matched
by comparable production of waste heat. Research is needed on: determining
tolerance characteristics of healthy communities of aquatic forms in respect to
temperature change; improving technology of heat dissipation and production pro-
cesses of industries characterized by high heat loading of the environment;
development of methodologies for site selection of plants to minimize detrimental
effects of heat loading on the environment; and, evaluation of beneficial uses of
rejected heat.

Research

A Missouri study (A-020-M0) is being conducted on a 4500-acre reservoir where
heat from a 475 megawatt plant is returned to one arm of the lake. Results indi-
cate heated water may have a beneficial effect on growth of fishes if it does not
exceed their tolerance to high temperatures; it may provide a temperature regime
which will allow introduction and survival of desirable forage fish such as the
threadfin shad which typically has a more southerly distribution; and it keeps an
arm of the lake ice-free during winter when the rest of the lake is frozen, and
thus opens up a winter fishery for local sportsmen. Studies conducted in coop-
eration with the Missouri Department of Conservation, however, suggest that take
of largemouth black bass concentrated in the warm water arm of the lake may be so
high that this fish could be over exploited.

Much is to be learned regarding eftects of heated water on aquatic biota.
In an Arkansas project (A-007-AP K) mosquito fish (Gambusia affinis) were permitted
to select temperatures in a tank where water temperatures were regulated oo as to
range from hot to cool in a series of connected compartments. Final distribution
of AA fish varied with sex and developmental stage. Males selected lower temper-
ature:. ;Ilan did adult females and young fish occurred mostly at temperatures
higher than those selected by ad-ate. Such information may be of value in assess-
ing impacts of heated water discharge, on fish or aid in improving management of

receiving waters
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Moat studies aimed at evaluating the effect of heated water discharges have
been devoted to effects on fishes and shellfishes. Virginia project B-017-VA,
commenced July 1, 1969, is concerned with effects on microbiota protozoa and
algae. These organisms are at the base of the food chain and their reduction or
elimination will be reflected on larger, economically valuable organisms. Results
should be useful in establishing water temperature criteria.

In Maryland, thermal pollution was one of the major areas of research. Pro-
jects A-002-ND and C-1401 provided very significant results in documenting harmful
effects of thermal pollution on shellfish and finfish as well as on biota in
their food-chain. One part of project A-007-MD was closely allied in researching
means for discharging hot water jets into an ambient body of water with a minimum
of thermal pollution.

Construction of a large power plant on the Mississippi River near Monticello,
Minnesota, is scheduled for completion in February 1970. Heated water will be
discharged from the plant during operation, causing changes in the environment.

Reoearch at St. Cloud State College (8-032-MINN) is designed to determine
existing ecological conditions in the river before operation of the plant and to
monitor environmental changes due to thermal discharge from the generator. The

3-year study is expected to provide useful information as to the extent such
changes are serious or damaging.

If problems of thermal pollution are to be solved, the mechanism of heat
transfer from water reservoirs must be understood. Virginia project 8-002-VA com-
menced July 1, 1969, will make analytical and experimental studies to determine
various relationships of heat transfer from a liquid water surface. Results should
be useful, not only in predicting effects, but in designing facilities to minimize
problems from thermal pollution.

Some electrical generating plants on the Tennessee River system have exper-
ienced difficulty in having an assured supply of influent cooling water. It has
been found possible, under certain reservoir operating conditions, for an electric
generating plant to utilize its own heated discharge as cooling water. The
Tennessee Center with cooperation of TVA personnel is conducting research (8-005-
TENN) of considerable potential value in the siting of generating plants in rela-
tion to reservoir operation. The study is attempting to determine, in a labor-
atory flume, interaction between an open channel water body and the transient
waves generated by time-varying discharges at the upstream and downstream ends of
the reservoir. Results should be useful in determining improved reservoir opera-
tion for numerous purposes, including operation of existing electrical generating
plants and better site location for future plants.

Work is under way in Oregon (8-009-OREG) to utilize heated water from nuclear
power plants for beneficial uses in stimulating plant growth and extending the
growing season in cold climates. The investigation is at present concerned with
determining influence of soil temperature and heated water on rates of photo-
synthesis, transpiration and respiration under controlled laboratory conditions.
This project is in response to growing public concern about thermal pollution in
the Nation's streams. Coupled with this is a growing requirement for more irri-
gation water. If this project can demonstrate that warm water from a reactor will
benefit certain crops, a two-fold problem will be somewhat alleviated.

A Rhode Island study (B-022-RI) is concerned with the design of a new com-
munity to recover waste heat from a proposed nuclear power plant rather than dis-
charging it into adjacent coastal waters. This study will investigate residential,
commercial, industrial and public benefits of such 'a plan, with consideration of
effects on water ecology if the development of a power reactor is fully integrated
with and made a focal point of a new community.
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Water resources research requires both field and laboratory
studies and a wide variety of te:hniques and equipment.

Bill Burley "amphicatting" across the ice-covered floodplain
to take winter samples for Project 802511.l.

Photo, Courtesy IlHuis State Natural history Survey

Experimental plot in North Carolina study of
ground and surface water contamination from
pesticide applications to cotton. Dr. Thomas J.
Sheets of North Carolina State University is
Principal Investigator. (A - 040 -NCI
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Dr. 8. Houston Atwell, principal investigator
of project A014LA pulls up a bottom sam
pie. He is s..idying planktonic life and its
chemical env ronment as part of an overall
investigation into pollution and ecological
changes in lake Pontchartrain due to storm
drainage and flood control projects.
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Mr. Coleman collecting a lake
water sample. Photo, courtesy Department
of Chemistry, Southern Illinois University
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Building and installing field measuring devices such as
lysimeter boxes can be hard work. These 10 x 10 boxes
were loaded with fill soil after the installation of five
neutron probes and boyoucos resistance blocks (the coiled

2 ply wires are lead lines from
the blocks) in each box. Note the
large boulders in the background
which had to be removed during
the excavation for the lysimeters.
(Project Uo. A01411)
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Mechanical aera,or tests feasibility of
instream aeratior. of the polluted
Passaic River, New Jersey.
Photo, courtesy New Jersey water Resources
Research Institute



Control of Sediment

Statement of the Problem

Sediment originating in soil erosion and in construction activity has long

been an important problem in water resources development. However, importance of
sediments as pollutants is increasing, particularly in view of the ability of soil

to adsorb pesticides and other organics including oily substances and to release

these materials in the water resource. Indeed, this facility of sediments to

receive chemicals from the solution phase, when properly uneerstood, may be sub-
ject to manipulation and made to serve effectively to trap and immobilize harmful

wastes moving in our environment. But man's intervention in sediment control must

be based on sound understanding of ecological factors involved.

Numerous subject areas for further research for effective control of sediment

include; methods of physical and socioeconomic evaluation of effects of sediment;
physiochemical properties of sediment and its potential for trapping chemical and
organic pollutants; and, effects of sediment on aquatic biota and eutrophication

of lakes and reservoirs.

Research

Chemical contaminants found in surface and subsurface water as related to

soil and climatic conditions were studied in Maine (A-006-ME). Results indicated

amounts of insecticides in runoff were small compared to amount applied. Less

than one percent of amounts applied were received in runoff. Concentration of
insecticides was considerably higher in the soil or sediment fraction of the

runoff.

Concentration and amounts of endosulfan, endrin and DDT were lower in runoff
from a rotation system of potatoes, sugarbeets and peas than from continuous

potatoes. In climatic areas where considerable runoff and soil loss may occur,

an effective rotation system can reduce contamination from pesticides due to

runoff. This study points out the importance of developing conservation practices
that will reduce runoff and thereby reduce pesticide contamination of water

resources.

An Iowa project (A-029-IA) involved study of a series of investigations to
ascertain effects of channel curvature on depth-discharge relationships and sedi-
ment transport rates of alluvial-channel flows. Results indicate the energy
gradient is only slightly affected by channel curvature, but rate of sediment
transport is increased by a factor of 10 to 20. Hence it appears meandering is a

means whereby streams increase tbN amount of sediment they can transport per unit

of water discharge.

In a Vermont study (A- 006 -VT) an extensive evaluation was made of the
Champlain Valley on amount and location of ground water supplies, sand and gravel
resources, and areas where erosion could be a problem. This information hap been

mapped and is proving valuable for further resource planning and in evaluating
the success of an erosion control program instituted by the SCS and Corps of
Engineers in the Winooski River area in the 1930's.

A Missouri study (A-028-M0) has been started to establish feasibility of

embankment protection--such as along irrigation canals--by use of a single graded

filter layer in place of more common and costly multi-layered filter systems. The

study is expected, also, to provide design criteria, furnish needed information of
particle migration through and within a graded layer, and aid in establishing a
mathematical relationship which will predict the filter layer performance.
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Effect of dredging on nutrient levels and biological populations of a lake
will be studied in South Dakota (B-013-SDAK). The study will be conducted on Lake
Herman which has an area of 1,350 acres, an average depth of four and one-half
feet, and six feet of sediment.

Included in the investigation will be an analysis of environmental factors
before and after dredging such as phosphorus, potassium, nitrogen, sodium, pH,
temperature, dissolved oxygen, alkalinity (Ca, Na) turbidity, phyteplankton, and
zooplankton. Purpose of the three year study is to determine if dredging is an
effective and efficient means of restoring dying shallow prairie lakes.

Thera is a special need to understand mechanisms by which waterborne wastes
interact with soil. Fine soils and sed.mencs are natural means to remove pollu-
tants such as detergents, pesticides, radioisotopes and farm runoff. The objec-
tive of research in Georgia (A-002-GA) is to study particular interactions between
water suspensions and soil minerals by passing radioactive material through sand
aquifers. Analysis of data suggests removal rates could be predicted by use of
existing physical theory and much higher retention by the soil could be attained.

Water quality and biological research investigations (A-021-H0) have been
made in the "New Lead Belt" of Southeastern Missouri to evaluate effects of lead-
zinc mining and mill wastewaters on stream environments. Natural background
data were collected to establish baselines. Concentrations of heavy metals in
tailing discharges were below limits of acute toxicity to fish but organic milling
reagents served to contribute to growth of undesirable mats of blue-green algae
(Oscillatoria) in receiving streams.

Suggestions for future stream pollution abatement in the mining area include
(1) separation of mine discharge water from milling wastewater; (2) increased
detention time for milling wastewater; (3) baffling or below-surface withdrawal
of water from settling ponds to retain surface film of milling reagents; (4)
removal of trees and heavy underbrush from settling ponds; and (5) continued
research to determine improved methods of treating milling wastewaterc.. There
has been close cooperation between the mining industry and the research workers.
Baffles have been designed and will be installed on two settling ponds to test
their effectiveness.

Geochemical effects of mining pollution in the stream of this area will be
studied in project (A-023-M0).

Also, in Missouri fundamental sorption and desorption reactions of selected
chlorinated hydrocarbon pesticides with clay minerals were studied (A-016-M0) in
laboratory controlled environmental systems. The studies showed DDT, dieldrin
and heptachlor were rapidly adsorbed on kaolinite and illite and equilibria were
reached within less than an hour of reaction.

Project A-030-KAN is directed towards a fundamental understanding of the
heavy metal content of Kansas rivers. Specifically, effort will be made to deter-
mine partition coefficients between "heavy metal" concentrations of stream water
and suspended load; ascertain if seasonal effects are evident; determine the
relation, if any, between mineralogical composition of suspended load and heavy
metal concentration in solution; and, evaluate relationship of heavy metal con-
tent to geology of the terrain over which the stream flows.

A West Virginia study (A-008-WVA) investigated geochemical behavior of iron
and manganese in a reservoir fed by streams containing acid mine drainage.
Results, especially those showing vertical profiles of iron and manganese con-
centration by seasons, were used in selection of the intake level for a municipal
water supply.

Nebraska project A-003-NEB, briefly reported upon in the OWRR 1968 Annual
Report, is now completed and has produced interesting results on sediment control.
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Investigators found the paralleled steep backelope terrace system with tile water-
ways is a conservation system which reduces water loss and greatly reduces soil
loss on sloping land while being compatible with modern farming systems using high
speed equipment. The conservation system also has potential to reduce flood
hazards by reducing peak rate of runoff from agriculture watersheds and reducing
the amount of sediment carried in waters downstream.

Steep baaslope terrace systems offer potential of improving our environment
by reducing nutrient content of runoff water. They can also be used to contain
livestock waste applied to agriculture land without polluting the stream. Results
indicate additional research is needed to fully evaluate the potential of conser-
vation systems for improvement of our environment.

Prime sites for reservoirs in the United States are decreasing resulting in
the tendency to construct reservoirs in areas with high siltation rates. An
Indiana project (B-012-IND) has the objective of providing planners with tools
and information for predicting soil stability from watershed characteristics.

Water Quality

Statement of the Problem

Normally when we think of water quality impairments, we consider sewage and
industrial wastes. These sources of pollutants are not, however, the only threats
to quality of the resource. In addition, the Nation's waters are impaired by:
street wash of urban areas; 1 Inoff and drainage effluent from agricultural lands;
feed lot discharges; sediment from eroded lands and construction activity: mine
drainage; oily discharges; heated water discharges; and discharges from boats.
These impairments are growing in sheer magnitude and few can yet be satisfactorily
controlled.

A wide range of research is needed on: environmental effects of water pol-
lutants; detection methods; methods of control; improved water management tech-
niques; improved engineering works; and, methods of in situ cleansing of impaired
water.

Research

Identifying Pollutants

As concern grows with respect to pollutants in the environment there is need
to be able to detect elements and compounds which formerly were of little or no
concern. Project A-013-KY deals with techniques for analyzing and detecting
trace metals and organic materials. Flame emission spectroscopic studies are
involved and techniques being developed will be used to analyze Kentucky waters
for a number of trace elements for which no data are available. Companion
Kentucky projects A-014 and 015-KY explored other techniques of identifying water
pollutants.

Research study B-002-ARK deals with distribution of trace elements in selec-
ted Arkansas impoundments and factors influvAcing distribution of these elements.
Investigations in the Ouachita River below Lake Catherine during late summer of
1968 showed a significant quantity of manganese was released into the river during
power generation and that portions remained in solution as far as 25 miles below
the dam.

Laborat;:ri experiments conducted to supplement field studies of trace metals
near Cie mud-water interface have provided considerable information on behavior
of manganese and iron in relation to varying concentraticns of oxygen and thermal
stratification, It would appear manganese is present almost entirely in dissolved



form in the oxygen deficient zone while a significant portion of iron is present
in particular form. Results suggest that migration of reducing substances from
bottom muds may account for essentially all oxygen consumption under the thermo-
cline.

Objectives of a Massachusetts study (A-026-MASS) are twofold: (1) to inven-
tory all species of vascular plants growing within the Mill River in Massachusetts
or on its flood plain, and to carry out intensive ecology studies of these plants
at selected sites along the river course; and (2) to determine microbial flora
Of the river at these selected sites.

Distribution and abundance of both macrofloras and licrofloras within the
river and its flood plain will be correlated with patterns of land use. Results
will be available in the future when changes in diversity of flora or abundance
or composition of its elements, may indicate environmental deterioration or
improvement.

Michigaa is continuing a study (A-023-MICH) on quantitative assessment of
space and time variability of major water quality parameters in the Grand River
System. Basic ecological investigations underway place particular em2hasis on
phosphorus and nitrogen pathways through the river system.

Pollution Sources

Bxtreme variations in concentration of pesticides in water and in various
forms of aquatic life are shown in an Iowa research study (A-027-IA). Results
indicated: Pesticide residues in water varied from trace amounts to a maximum
of five parts per trillion; mud samples contained higher concentrations of pesti-
cides than water; algal samples contained far higher concentrations than either
mud or water; fish samples contained higher concentrations than mud or water;
and dieldrin was the pesticide most frequently found in fish.

It was concluded that no generalization can be made regarding behavior of
different pesticides in different environments. Concentration of pesticides in
water depended upon a wide variety of factors. Highest concentrations usually
occurred from July to.Octoter. Only trace amounts appeared from January to March.

In Kansas (B-007-KAN) an investigation has been made of relationships between
pesticidal application and water contamination under irrigation in the Great Plains.
Nine pesticides moat commonly used in irrigated areas in the Central Great Plains
have been applied on experimental fields in accordance with State and Department
of Agriculture recommendations. Some pesticides have been applied for three years,
others for four,

No confirmed, detectable contamination of well water was found at the 0.1 ppb
(parts per billion) level, nor from total insecticide use in the irrigation dis-
trict or entire drainage area. Deep soil core sampling demonstrated that insec-
ticides penetrated the soil less than 12 inches.

Arkansan, project B-012-ARK is concerned with quantifying nitrogen and phos-
phorus nutrients entering Beaver Reservoir in the northeast part of the State.
Major sources of nutrients are being identified and their significance in eutro-
phication is being assessed.

Results indicate agricultural runoff was the major source of nutrients--both
nitrogen and phosphorus: This was followed by domestic wastes and non - agricultural
runoff, urban runoff and rainfall.

The purpose of a Rhode 'eland project (A- 031 -RI) is to develop criteria for
study of water pollution in estuaries through aerial photography. Confirmation
of water pollutants will be related to patterns delineated by serial photo-
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grammetry of an estuarine area. Several types of cameras will be tested. It is
hoped sensing methods developed will be useful in design aspects of water quality
management programs for estuarine areas.

A Maine project (A-015-ME) is designed to provide information on parameters
that control aging of lakes. The study will determine: (I) nutrient levels
(nitrogen and phosphorus) responsible for nuisance algal conditions; (2) rate of
change in nutrient levels in several lakes; (3) effects of removal of major sources
of nutrients on algal conditions in lake waters; and, (4) effect of biological
treatment of waste water on algal and aquatic plant development in lakes.

Results will provide management information useful in reversing the eutro-
phication process and restoring eutrophic lakes to their former usefulness.

In South Dakota (A-025-SDAK) pollution potential of runoff from livestock
feeding operations is being studied. Continuous recording rainfall gauges, and
runoff measuring devices are being installed on large feedlots and self starting
automatic samplers are being used. Analyses of samples and evaluation of data
collected during runoff producing storms should provide sufficient information
for appraisal of the pollution problem from feedlots due to rainfall. It is also
anticipated that effectiveness of lagooning or other methods of solids retention
can be evaluated.

Effects of Pollution

A study of open water distribution and aburCance of net plankton as an index
of eutrophication in Lake Superior has been completed in Minnesota (A-011-MINN).
The study utilized a carbon-14 productivity technique and a continuous plankton
recorder. Results have shown these methods to be effective for study of fauna
and flora of the Great Lakes and for obtaining biological data relevant to
productivity of water in the Great Lakes basin.

The continuous plankton recorder provides a means for assessing effect of
pollution and ensuing eutrophication as reflected by studies of the second trophic
level in a manner heretofore unobtainable; and, carbon-14 productivity studies
proved effective in deffionstrating that differences in primary phytoplankton pro-
duction occurred in water masses of the Great Lakes system. Data accumulated in
these studies will furnish valuable reference levels for persons interested in
rates of eutrophication, productivity and water quality of the Great Lakes in

future years.

A Maine research study (A-007-ME) evaluated effects of salt applications to
deice highways on sodium and chloride levels in: (1) rivers and streams; (2)
private water supplies contiguous to highways; and, (3) soils bordering highways.

Analyses indicated highway salting has no effect on sodium and chloride
concentrations in rivers. However, semi-annual analyses of 100 randomly selected
wells along Maine highways indicated sodium and chloride levels were much higher
than normal. Twenty-five percent of the wells were found unfit for drinking water
because they contained more than 250 ppm (parts per million) of chloride.

Sodium and chloride levels in soils contiguous to highways bore a direct
relationship to length of time during which highways had been salted. Were salt
had been applied for 20 years, sodium levels had increased for a distance of 60
feet from the edge of the highway, and to a depth of 18 inches. Sodium saturation

of soil approached 15 percent at some sites. Chloride levels in the soil-water
system produced equivalent of an "alkali" condition.

In West Virginia a significant portion of the research program is devoted to
serious water quality problems caused by acid-mine wastes. Three projects (A-001,
A-006, and A-017-WVA) have examined toxicity of such wastes to various fishes and
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determined effects on distribution, growth and abundance of fish species it tt,a
Monongahela River. It was found that fish species vary in their tolerance
acidity. The brown bullhead is most tolerant of West Virginia species. Siucc
it is fairly abundant and favored by anglers, sport fishery management in acid
waters is urged to focus on this species. These studies have been useful i,
establishing water quality criteria for conservation of fishes.

Other West Virginia studies (A-002, A-014, and A-018-WVA) investigate,,',
effects of acid-mine wastes on sewage microorganisms. It was determined tkat
these tastes reduce sewage bacteria, extent depending upon the acidity. Yeasts and
fungi assume part of the degradation function under such conditions.

Project A-011-WVA is concerned with tolerance and cytological response of
algae to acid -mine wastes. No clear-cut results are available yet, but these
studies will be continued in view of importance of algae as basic food in avaiic
ecosytems and as producers of oxygen.

Algae are important as a nuisance factor in many types of water systemL. to

date control methods have involved use of chemical compounds such as copper which
may be toxic to other forms of life. A Kentucky study (A- 018 -KY) is examining
inhibitory compounds produced by algae themselves, These metabolic by-produce of
algae in mixed culture can enhance growth in some animal and plant forms while
inhibiting growth in others. 'This line of study may provide clues to a biological
method of controlling algae in domestic water supplies, recreational lakes and
streams.

A Mississippi study (A-027-MISS) evaluated physical, chemical and micro-
biological changes that occur in fresh and brackish water during decomposition of
crude and refined petroleum products and the effects of microbial by- products on
fish.

Results, using both fresh water and artificial sea water, showed microflora
caused marked physical changes in oil under both aerobic and anaerobic condi-
tions. Disappearance of oil was more rapid under aerobic conditions, however,
and addition of a nitrogen source and a supplemental inotganic enhanced micro-
bial activity.

Waters in which microbial degradation of oils had taken place were toxic to
fish even after separation and removal of bacteria and oil. Those data suggest
water-soluble products formed during microbial decomposition of petroleum products
are more toxic to fish then was the original oil. Question as to whether con-
centration of microbial by-products in nature will be sufficient to affect fish
must be determined by studies in the field.

"Sutrophication of Sheltered Bays in a Large Lake" is the title of gig
study 8-010tAll. Three areas of Bear Lake ware chosen for study, two protected
by breakwaters, the third unprotected from wind - generated currents. Results
showed that shallow regions in lakes protected from extensive water circulation
go through a very rapid annual eutrophication cycle.

A Maryland study (8446.MM on water quality criteria to protect the fish
population directly below sewage outfalls showed that of 98 secondary sewage
treatment plants in the State, 31 discharged effluents into flowing streams
containing fish life.

to test differences in water quality resulting from plant discharges, an
upstream and downstream sampling station was established for each plant. Pre
liminary tests shoved significant differences between the two stations, in cot
tain water quality standards, especially conductivity and turbidity. Marked
differences oleo were revealed in fish abundance, number of species, And diversity
of species.
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Investigation of 49 species of fish indicated great differences among them in
tolerance limit to conductivity and turbidity increments resulting from plant dis-

charge. Trout, darters, and most species of minnows appeared quite sensitive.
American eel, white sucker, and most species of sunfish seemed to be fairly tol-

erant.

An Oklahoma project (A-010-0KLA) evaluated recent approaches for design of

biological waste treatments. Results related to recent approaches fcc trickling
filter design were presented at a training course for personnel of the Construc-
tion Grants Division of the Federal Water Pollution Control Administration. It

was included as outline number 9 in their Training Course Manual entitled
"Planning and Development of Wastewater Treatment Facilities."

Waste Treatment Process

A Del` aware project (A-DOB-DEL) is investigating potentials for "pre-treatment"
of sewage effluent, by aeration and activated sludge, in feed pipelines to sewage

treatment plants. Preliminary findings indicate that utilizing "pre-treatment"
processes might produce significant savings in total capital costs required for

sewage treatment. Possibilities for a large-scale field testing of the process
are being investigated and it is hoped this may be started within the next year.

A New Hampshire study (A-004-NH) conducted in collaboration with the New
Hampshire Water Quality and Pollution Control Commission, demonstrated that per-
forated plastic pipes installed in the bottom of a 30-foot-deep lake, and con-
nected to air compressors, could be used to destratify the lake and to change the
algae population, thereby making the lake more attractive for recreational use.

Studies were conducted in Virginia (A-015-VA) to evaluate the coal contact
process for removal of pesticides and phosphorus from wastewater. Because of

cheapness of coal compared to activated carbon this process offers potential

economies. Significant differences in sorption were found among four grades of

coal. This process fndicates that a high proportion of representative pesticides
can be removed--lindane, parathion, and CIPO. In addition, it shoved promising
results in removal of phosphates when the system pH is in the range of 4.0 to
5.0 and the coal has an iron content.

A "seed" allotment project in Michigan (A- 028 -NIGH) resulted in supplemental
support from other sources related to recovery and identification of virus.s in
dilute suspension. Initial results showed almost all viruses suspended in river
water could be recovered using concentrations of 50 parts per million of f).-.,;

culant.

However, a study in Rhode Island (A- 025-RI) on removing viruses from vcter

by means of flocculants was more limited in its success. gncouraging results

were obtained when AL(011)3 was used to recover polio virus. Out minimal success

using this floe was obtained with NLV strain KM (a myxovirus), and an avian
adenovirus KILO strain Phelps) could not be retrievec. at all. Results suggest
that differential toxicity of flocs may be required for selective removal of

viruses from water.

A South Carolina study (A-0174C) is comparing costs of treating textile
vast.s in municipal and industrial savage plants. The first phase on municipal
treatment shows textile wastes can be successfully treated by biological processes
if toxic wastes are first removed. However, less than 25% of municipalities
levied a charge high enough to cover incremental costs. A field study 16 now

unierumy on vaste treatment facilities operated by textile manufacturer.. Their

vista treatment costs will be analyzed and compared to municipal costs for
treating the same wastes.
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Research in Missouri (B-017-M0) has been conducted on use of surface-active
agents in a flotation process for removal of zinc, copper, nickel, and lead ions
from water. Copper and zinc were effectively removed by this method. Some prob-

lems of precipitation were encountered with lead. Studies of effects of ultra-
sonic waves on surfactant solutions and flotation efficiency and further research
on effects of pH on the flotation process are yet to be completed.

A Kansas study (A-031-KAN) is designed to determine if sludge produced by
the lime-soda softener process can be utilized effectively in precipitating phos-
phate and suspended solids from raw wastewater. This use would not only help
solve sludge .1.isposal at the water treatment plant but would also permit signifi-
cant financial savings in oxygen transfer in secondary sludge handling facilities.
The project anticipates conduct of both laboratory and plant scale tests and prep-
aration of an economic evaluation of the process.

Iowa study A-022-IA was concerned with hydrologic aspects of cattle feedlot
waste management. Using the Iowa River Basin as a model, a method of deter-
mining required size of feedlot runoff control facilities, such as retention ponds,
was developed. Frecipitation. streamflow, and water quality data were analyzed
and used to establish required size of runoff retention ponds for various manage-
ment procedures.

Tests in another Iowa study (A- 021 -IA) using effluent from an anaerobic
swine lagoon pointed up the value of soil in reducing pollution. Samples of
effluent were analyzed for biochemical oxygen demand (DOD), chemical oxygen
demand (COD), nitrogen, chlorides, phosphates, and pH. Effluent was applied as
irrigation water on cropland containing a pipe drainage system to maintain
favorable soil moisture conditions. Reduction in COO was excellent, ranging from
95 to 98% removal for individual treatments, with 977E average removal. Removal of
nitrogen ranged from 79 to 83%, with an average of 8O.. Chlorides were not sig-
nificantly reduced by any treatments. All treatments proved very effective in
removal of phosphates, each removing 997. or more of those applied.

Effects of application of sugar refining lagoon effluents on agricultural
production and biological, physical and chemical properties of Fargo clay are
being studied in north Onkots (A.019-NDAK). Initial results on alfalfa and sudan
grass indicate no significant difference in crop yield from plants irrigated with
effluent compared to those with water. It appears soybean tests, now in process,
will show no significant difference. Although preliminary, results are
encouraging that this method will be a practical means of effectively utilizing
sugar refining lagoon effluents without polluting surface or ground water.

In Alabama project A-012ALA investigators are evaluating, through laboratory
research, gamma radiation of textile wastewater as a pollution control measure.
Waste solutions of particular interest were those derived from desiring and tex-
tile dyeing operations.

Preliminary results indicate that viscosities of siring solutions are reduced
by the process. Siting solutions which originally were basic (019.10) may be
neutralised and rendered acidic. Where siting compounds are polymers, the degrew
of polymerization is reduced. However, chemical oxygen demand (COD) appears to
be unchanged. Also, although certain of the dye compounds are decolorited, some
vat-type dyes are unaffected.

In Colorado (A.007-0010) studies will be initiated to isolate and identify
microorganisms present in sewage treatment system in the cold environment of
high mountain communities. Bench studies will be initiated to determine optimal
microbial flora for waste digestion at temperatures between 0 and 20*C,

The Pennsylvania Water Resources Center has done significant work on spray
disposal of sewage effluent. Past studies produced promising resultt for utilizing
sewage effluent to neutralize acid mine drainage and for applying sewage effluent
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to crop and forest lands on a year-round basis. Project B-020-PA is pursuing
another aspect of spray disposal effluent to neutralize highly-acid spoil banks
and replenish ground water supply. Results of this and allied prior projects
have led to their practical application in the forthcoming construction of a
system in the Pennsylvania State College community that will dispose of 4 million
gallons of sewage effluent daily by spraying it over land areas.

An Alabama project (B-019-ALA) is contributing to the knowledge of deep-well
liquid waste disposal methods. Principal inves. 'gator, Dr. David H. Grubbs,
reports that in the Coastal Plain several potential zones have been identified
which have parameters favorable for disposal of vast quantities of liquid waste
where there is no risk of contamination of potable ground water. Basic factors
studied were volume of pore space in various underground reservoirs that would
accommodate liquid waste and presence of imeermeable barriers to prevent contam-
ination of the fresh-water resource. The ,.emaining portion of the study wilt cen-
ter on possible long-range effects of injected liquid wastes.

Water Treatment

Missouri study A-015-M0 shows promise of providing a method for improving
existing procedures for removing solids from waste ...eter at a lcer cost than
methods now in use. Separation is attained by forcing a two -phase flow through
d constriction in a pipe. Solids follow path lines different than fluids. The
device is described as self cleaning, thus reducing frequency of cleaning sedi-
mentation tanks needed for secondary separation. Further research is being
accomplished with nonCURR funds.

A Wisconsin study (A-020-WIS) on experimental reversal of the lake eutro-
phication process was suspended after one year until information could be obtained
on a more basic question: Is there a measurable relationship between heat input
to nutrient-rich aquatic systems and output of harveatable biomass? This question
will be the subject of a separate research study which will explore effects of
thermal inputs on biological production in nutrient rich ponds.

Water Quality Control

Several forth Carolina projects (A -035, A-036, A-032 end A- 03? -NC) deal with
various aspects of industrial water use and waste control. Water quality problems
from industrial wastes in North Carolina come largely from textile, pulp and
paper, and food-processing industries. The practice of dealing with industrial
wastes primarily as treatment problems inflates costs of remedial action. Waste
treatment is expensive and should be a last resort. The studies show that such
alternatives as more efficient water use, chemical substitution and recovery,
process change, waste by-product development, and other internal means offer many
possibilities for substantial cost savings to industries involved. because of
demand for decrease in waste discharges by industry in the face of rising produc-
tion, every effort should be made to eliminate wastes at point of origin as well
as to forge ahead with development of improved treatment techniques.

The basic objective of a recently initiated Eebraska study (11-003-NEB) is to
determine the maximum allowable rate of loading livestock manure on cultiAated
soil without pollution of surface runoff or underground water, Other objectives
are to determine:

(1) magnitudes of surface and ground water pollution which can result
from high rates of manure application on su:face irrigated lands,

(2) changes in Physical and chemical properties of toil resulting from
high rates of manura applications on surface irrigated lands,
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(3) effects of very high loading rates on crop production,

(4) economic feasibility of high rates of manure application on
surface irrigated land, and

(5) to compare costs and benefits of higher rates of manure
application on surface irrigated lands to costs and benefits
of various alternative means of utilization or disposal of
manure.

Project A-022-MASS conducted a survey of community leader attitudes on water
pollution problems in Massachusetts. Community leaders of varying backgrounds
agreed on the importance of water pollution problems and need for a cooperative
regional approach in attempting to solve them. They agreed regional problems had
not been alleviated and tet led to believe State and Federal authorities had not
been active enough in abate.aent work. They differed regarding the priority of
water pollution problems as among other pressing social and environmental problems.

The project is significant to water resource planners by pointing out many
diverse and often hidden factors that shape attitudes and traditions. These fac-
tors must be taken into account in developing planning goals.

Pollution of ground water in areas of increasing population densities where
municipal sewage systems are non-existent poses a potential threat to an existing
water supply. A Rhode Island study (A- 032 -RI) will determine the legal right to
protect underground water supplies under the following conditions; (1) when it is
being contaminated while in use as a water supply; (2) when it is contaminated but
not used presently as a supply, but could provide future supply (preservation for
use) and, (3) where future planned-use of land threatens underground supply. In

addition, the study will attempt to determine "savings" that can accrue to a
regional water basin by maintaining a high degree of purity in ground water
deposits in the rcgion by removal of waste water .hrough a sewage treatment aye-
tem. Also, considerations of costs of treatment of ground water as an alternative
to protection of the supply by a sewer system will be undertaken.

An exploratory research program in Coiliecticut (A028-CONN) is undertaking to
identify major legal prohlems relative to lake pollution in the northeastern United
States. Preliminary investigation has shown need for determination of applica
bility of general pollution control laws to lakes. Need also exists to establish
criteria for formulation of policies and methods for enactment of legislation, and
to identify changes needed in statutory law and administrative structure to fail.
!tate greater protection and utilization of lakes.

A study of effects of impoundment reservoirs on river water quality, including
analysis of chemical and physical characteristics of water and uptake of nutients
by aquatic life, is being conducted in Alabama (8*010-ALA). Of thm 11 most
abundant elements being investigated, preliminary results indicate that only one,
phosphorus, is being retained to any great extent -- probably in the hydrosol or
mud-water interface -!n the impoundments. All other elements apparently are
passing through the reservoir system at a rate comparable to what the Chattahoochee
River would normally carry were it not impounded.

A the study (11003-MR) has demonstratec technical feasibility of managing
a river system as a chemical reactor that is self- purging of oxidizable organic
matter. The scheduled input of organic matter is guided by a continuous soli.
toring of the chemical khetics profile of the Penobscot River system in a 25-
mile reach frets Bangor Oda to the tidal basin. A pilot model of instrumental
systems for continmoui monitoring, transmission, and processing of selected data,
including dissolved oxygen an,' POD. has been designed, constructed and evaluated.
The stage has been set to slow extension of these results to other rivers by
development of a control system independent of particular details of the river
model.

28



The pollutional effect waste discharge from small pleasure craft has on bac-
teriological quality of otherwise unpolluted water of two small harbors is being
investigated in the State of Washington (A-024-WASH). With anticipated increased
use of similar harbors in the future by pleasure craft, water quality degradation
can be expected. Results are expected to aid the Federal Water Pollution Control
Administration in formulation of an effective control program for sewage from
vessels and in assisting the Washington State Board of Health in establishing
local regulations to help control the problem.

Pollution of streams by acid mine drainage is a serious and common problem in
Pennsylvania, and in the rest of Appalachia. In project A-002-PA extensive lab-
oratory study was made of the potentials of limestone barriers for neutralizing
acid streams. Results were so promising that the Pennsylvania Department of Mines
and Mineral Industries is currently designing a prototype limestone barrier for
use in one of their polluted streams. It is expected to go into operation by
mid-1970.

Meeting increased Water Supply Requirements

Statement of the Problem

The total quantity of fresh usable water is relatively fixed (or perhaps
decreasing) while demands upon this supply are increasing exponentially with time.
An increasing number of areas are already facing the problem of demand exceeding
supply. What steps can be taken to avoid limitations on future economic growth
which may be brought about by water shortages?

In general, solution to this problem involves (a) increasing fresh water
supplies, (b) conservation in use of water and, (c) redistribution of supply in
time and apace. The problem is so broad and complex that almost all-water related
research is relevant to its solution. Research is needed to develop and improve
techniques in: Conversion of salt and brackish -ater; cloud seeding; increased
yield from catchment basins; treatment to reduce infiltration and evapotranspira-
tion; more efficient use of existing supplies; and, developing the potential and
criteria for transbasin transfer.

Research

The object of project A -016 -NY is to take a "fresh" look at wastewater treat -
ment in light of growing interest in reclamation of wastewaters as a "new" source
of water. This reevaluation of wastewater treatment technology is intended to
lead to development of a rational approach to optimal design and operation of
wastewater treatment systems. Identified categories of water reuse include
irrigation, groundwater recharge, impoundment for recreational purposes, Indus
trial water, municipal water, and discharge of reclaimed (treated) wastewaters to
natural watercourses. Particular emphasis in this New York study is being given
to wastewater discharges into natural waters Lecause considerable uncertainty
still exists as to acceptable concentrations of phytoplankton nutrients to
natural waters.

Project 3-04112X studied development of systems for ground water recharge
into the Ogallala Formation in Texas. A relatively new or modified method of
recharge has been developed from the research. Preliminary tests indicate the
method referred to as "hole' recharge, possesses potential for two reasons; one,
respectable rates of recharge can be attained at a low initial toe.; and, two,
sediment does not have to be removed to attain and maintain these rates.

It was also determined that pits still possess potential as long is water
level is such that a large percentage of the wetted perimeter of the pit is found
in the sidewalls. Pits rot have a bottom dimension which is relatively narrow.
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Results should prove useful in providing an effective means of water recharge
where ground water plays an important role as a major source of water supply.

An outstanding facility for so,cly of natural evaporation and evapotranspira-
tion processes and associated micrometeorological phenomena was developed at the
University of Nebraska Field Laboratory at Mead (A -001 -NEB). Precision weighing
lysimeters and equipment for measurement of components of radiation balance; air,
soil and surface temperature; and atmosphcric humidity were developed and tested.
Computer programs were written for conversion of field data to parametric forms.

Findings indicate advection is an important source of energy for driving the
evaporational processes in the eastern Great Plains. Evaporation from bare soil
and evapotranspiration from alfalfa often exceed radiant energy input; sometimes
by as much as 80 percent. Results are directly applicable to design of effective
water conservation practices for agricultural production in the Great Plains aria.

A similar study in South Dakota (A-018-SDAK) is designed to better understand
and improve soil-plant environment for more efficient utilization of water. Evap-

otranspiration rates for grain sorghum and other crops are being determined by
lysimeter and water budget methods. Evapotranspiration values being obtained by
this study are being used to establish base rates for use in an irrigation guide
for the State.

Also, in Nebraska a study (A-015-NEB) is being conducted on physiological and
biochemical responses of plants to different internal water potentials. Objectives
of this project are: (1) To investigate biochemical effects of internal water
stress on some physiological (biochemical) processes such as photosynthesis,
respiration and dark fixation of 'rbon dioxide during stress and recovery period;
and (2) to investigate mechanisms o, which plant water potentials and water we
(transpiration) are controlled or influenced by plants.

Influence of mid-day mist irrigation on reduction of environmental water and
temperature stresses and on growth and development of potato plants were studied
in Minnesota (8-013- MINN). Temperatures throughout the plant canopy, plant temp-
eratures, and soil temperatures were recorded. While results of these measure-
ments are still being evaluated, it can be reported that mist irrigation reduced
leaf temperatures by 2 to 16°C.

Reduction of temperature and moisture stresses by mist irrigation resulted in
increased potato plant growth and increased total yields of tubers. Tuber defects
such as hollow heart, growth cracks, and secondary growths were increased by
misting but in spite of these defects yields of U. S. #1 grade tubers were higher
than from non-misted plants. Chipping quality of tubers was decreased, an effect
that is being studied further. Results offer promise of more efficient utilise
tion of irrigation water, accompanied by increased yields.

A project in New Mexico (C.1361) is involved in study of water requirements
for salinity control in unsaturated soils. the research has produced encouraging
evidence that amounts of leaching water recommended for salinity control can be
revised downward. Relatively large volumes of water are moving through the soil
even though soil moisture content is low, and the water is effectively removing
salts. Potential saving of water in this water short area could bt of consider-
able significance to the agricultural economy of the state.

A study (A425-MASS) of a different nature is being conducted to Massachusetts
to determine methods of more effectively meetiig increased water requirements.
A legal and economic evaluation of ground water doctrines is being made by analy-
sts of court decisions and examin.tion of current practices and procedures used
by the Massachusetts Attorney General and other State Agencies. the analysis
will provide a basis for determining the nature and extent of inequity in ground
water tat, and for estimating the associattd magnitude of economic impairment.
Legal and economic concepts of equity currently applied to the tcovnd water
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resource will be contrasted. Objectives are to (a) evaluate the consistency of
statutory and common law applicable to ground water resources in Massachusetts,
(b) assess economic effects of these laws on water users; and (c) determine
effects of these laws or use patterns with regard to water quality, diversion,
discharge, obstruction, and multiple-use.

To determine the most productive use of irrigation water from ground water
sources in Idaho, an investigation (8- 006 -IDA) has been underway since 1967 to
Establish relationships between pumping lift and the price farmers can afford to

pay for water. It has been shown that in Cassia County, Idaho, under average con-
ditions at an irrigation efficiency of 55 percent--water can be economically
lifted from a maximum depth of 389 feet for a 200-acre farm; from 679 feet for a
400-acre farm; and from 767 for a 600-acre farm.

The investigation is being extended to encompass a greater portion of the

state. However, results are already being used by the State Reclamation Engineer
to establish reasonable levels of pumping lift in administration of state ground
water laws.

The economic impact of theoretical transfers of water from "surplus" to
"deficient" regions is being assessed in research activity in Oregon (A-002.OREG
and C-1220). To justify diversion of water from one area to another it is
theorized that the lowest valued use of water in the receiving area must exceed
cost of transferrin3 the water plus value of the water if used in the area of
origin. A report is now in preparation providing an economic evaluation of a
theoretical diversion of water from the northwestern to the southwestern part
of the United States. Further work involves describing income redistributive

impacts of interbasin water transfers. Results of this research are expected to
serve as a significant contribution to informed and rational decision-making
concerning the issue of water diversion.

In lizoming considerable effort (A-001 and 8-002-WT0) is being made to define
considerations that must be taken into account when planning for possible trans-
mountain diversions of water from the Green River Basin to the Platte River Basin

in Wyoming. Considerations include: Present and future demand for water; legal
constraints on diversion; augmentation of present supply of water by methods
other than trans-mountain diversion such as weather modification; and capital
investment involved in implementing diversions. In establishing present and
future demand (value) of water in its present setting in the Green River Basin,
a detailed investigation is uuderway to determine present and expected future
value of game and fish resources of the Green River Basin that would be affected
if large water diversions are made from the Green. Information obtained will be
of significant value to planners and decision makers concerned with diverting
Wyoming's waters.

Fey studies have investigated individual plumbing fixtures in respect to
water consumption and/or pollution load. Project A- 025 -CONK in Connecticut is a

study of initial sources of pollution or wastes that are generated and mixed
through the plumbing arrangement in a household. The project is intended to show
relative importance of water use by each fixture and would indicate potential
gains to be made if water conservation measures by new plumbing fixtures were
initiated. The project will also be useful in identifying impact on water use of
new household water and wastewater appliances in designing appropriate wastewater
disposal systems for residential use.

f Ulf of water reservoirs in urban areas for flood control, with projected
multiple -use benefits of water conservation, reduced costs and multi-use reservoir
benefits, has been the subject of research under project C1187 conducted by
North American Rockwell Corporation.
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The project analyzed multiple benefits and costs of installing a water reser-
voir system in urban areas in lieu of conventional storm sewers. Benefits of
proposed uses of reservoirs were evaluated for a representative urban site using
actual economic, engineering and benefits data accrued at Santa Maria, California.
Dual-use benefits of land employed for urban reservoirs were a major consideration
and included recreational aspects as well as parking structures end influence on
urban land and building values.

Results indicate favorable competitive inr.tallation costs of a reservoir
system for flood control as compared to story, sewers, with substantial additional
benefits provided in water conservation and 6altiple activities such as recrea-
tion, parking and other uses. Additionally, the modular aspect of water reser-
voir systems, providing for independent installation and drainage of individual
land areas, provides for phased construction and financing for urban flood control
over a prolonged time period reducing long term commitment of funds. This pro-
cedure is often desirable in eliminating bonded indebtedness for flood control
purposes.

A number of urban areas have demonstrated interest in thin water reservoir
approach to flood control. Further application of a demonstration project is
being developed by the city of Santa Maria.

Information from a Puerto Rico project (A-005-PR) will be most useful in
conserving water used in irrigating sugarcane. Experimental results show that
20 inches of water per acro can be saved without affecting sugar yields if sugar-
cane is irrigated frequently during the first part of the growing season and
irrigation is stopp^d five months prior to harvest.

Evaporation from lakes and reservoirs is a major loss of fresh water that is
needed for the expanding economy of farms, ranches and industry of the Southwest,
where water supplies are stored in above-ground reservoirs. Research over the last
decade has shown these losses can be reduced by about 35 to 40% by applying a
chemical film of hexadecanol or octadecanol to the reservoir surface. However,
wind removes the film from the surface unless the chemical film is continuously
replaced. There is need for studying other methods of evaporation control which
would not be affected by wind. Oklahoma project (A-014-OKLA) will evaluate
floating covers of various solid flexible materials. For small reservoirs these
materials may have a greater efficiency than chemical liquid type films. Of

particular interest is the relative efficiency of floating covers which cover only
a portion of ttZetVOir.

MitfAstion of Wtter.Caused Damalea

Statement of the Problem

Any discussion of water resources goals and beneficial uses must also give
proper consideration to water as a "negative resource." Despite many billions of
dollars invested in flood control works, flood losses continue to rise. This has
resulted from progressively more intensive agricultural, industrial, and urban/
suburban development of flood plain lands, which offer many advantages from the
standpoint of fertility, transportation/communications/0 tittles, and other or
adjacent prior development.

Research in this problem area involves non- structural flood control measures
such as development of improved techniques of planning, managing, toning, and
insuring of property on flood plain areas. Also involved is research on improving
traditional methods of controlling floods through various types of engineering
works.
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Measurement of electrical resistivity and electrical
induced polarization with the Wenner configuration in
the Clemson Research Watershed. This study is eval-
uating the effectiveness of these geophysical methods
as an aid in the determination of subsurface hydro-
geologic environments in the Piedmont area of South
Carolina.
Dr. T. L. Drake fon left) is recording the measure
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(Based on Project No. A-01140.
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Research

"The Urban Snow Hazard" is the title of a project (B- 032 -ILL) at the
University of Illinois being conducted in cooperation with the University of
Toronto which will study snow hazard problems in eight widely dispersed cities
in the United States and Canada. Expected payoffs of the study are two-fold.
First, through the measurement of costs and benefits incurred by a city because
of snow, an eotimate can be formulated concerning the optimal snow removal program
under variable amounts of snow and economic bases of urban areas. Secondly,
through study of the decision-making process in formulation of snow control pro-
grams, obstacles to operation of a more effective snow control program will be
identified. Results will be useful to decision makers for improved planning and
a better means of determining how much a city should spend on snow control.

Another study in Illinois (A- 030 -ILL) is evaluating progress of non-structural
methods for flood plain management in the north central, midwestern States.
Results to date indicate few communities in this region hays attempted regulation
of flood plains through zoning, even though planning agencies have repeatedly
eophastzed importance of placing flood plains in a special district. A partial
result of the study has been development of a legislative proposal for establish-
ment of a State Commission on Flood Plain Regulation to study non-structural
alternatives at the State level and their incorporation into programs of flood
control projects.

The study has identified approximately forty methods that may be useful in
non - structural flood plain regulations. A list of some principal measures include
(1) flood plain zoning, (2) land fill in flood hazard areas, (3) flood hazard
non-conforming uses, (4) open space land acquisition programs, (5) public health
requirements (pure waters legislation), (6) loss bearing (those who suffer the
damage pay for the loss), (7) land banks (land is purchased and held until the
State or other semi-public agencies can purchase or lease the land for public con-
servation or preservation pu:poses), (8) tax rates on flood hazard areas, (9) flood
hazard relief and rehabilitation, (10) flood hazard regulation through the forma-
tion of a state planning agency or department of natural resources, (11) deed
restrictions and covenants, (12) flood hazard rescue operations, (13) flood
hazard forecasting services, (14) flood hazard regulation by utility extension,
(15) flood hazard subdivision regulations, (16) flood hazard land values, (17)
flood hazard ineJrance, (18) flood-proofing of structures, (19) flood hazard
design criteria, and (20) site design criteria.

A case study analysis and appraisal of these various alternatives is a major
objective of the continued study. In addition, measurement of local reaction of
acceptance or rejection of pre - planned alternatives ci11 be made where serious
flood plain problems are known to exist.

The objective of research in Georgia (C-1323) is to design a methodology for
developing and testing instruments needed to evaluate alternatives in flood plain
management. The work has demonstrated that water management must recognize
social and political elements of the prablem as well as hydrologic and engineering
aspects -not only recognise them but relate engineering management to these social
elements.

One question being tested is: Why is an urban flood plain persistently
occupied by resident householders and business? The factors have been identified:
economic, low visibility of hazard, social, aesthetic and ideological.

In addition to economic fac!.ors being evaluated a device has been developed
and pre - tested to rank determinants of residential locational decisions within and
outside the flood plain. Social, aesthetic anA ideological factors end *Aloes
Wit be probed through survey research. Survey research has also been directed
toward measurement of citizen perception by means of a semantic rating scale.

34



Results of this research will provide information for setting guidelines as
co how water in urban areas can be used to improve qurlity of life in the city.
It will show how contervailing forces may be assembled to preserve floodways and
watersheds against interminable forces of private economic development.

The economic impact of flood control reservoirs has been under continuing
study by the University of Kentucky Institute since 1966 (A-006-KY). The study

has multiple objectives. Some examples are: Effects of large flood control
reservoirs on local employment patterns, changes in land use, economic losses from
inundation of valuable land, reservoir- related income distribution resulting from
the reservoirs, and Improved reliability of recreation benefit estimates under
different types of reservoir management. Thirteen major study areas have been
undertaken, six of which have been completed and final reports written. Demand

for these reports have exceeded supply. Major Federal water planning agencies
have shown special interest in the reports and the Tennessee Valley Authority is
making a serious attempt to apply project findings in the development of an
improved reservoir operation scheme.

A companion study in Kentucky (C-1282) was initiated in FY 1969 and is con-
cerne6 with computer analysis of watershed characteristics affecting flood hydrol-
ogy. Results should provide a better understanding of how and why small water-
sheds vary hydrologically and how they charge with varying land use. Possible
applications include more accurate selection of designs for culverts and urban
drainage measures and better planning with respect to flood control for areas
inundated by runoff from small urban watersheds.

Conserving Ecologic Values in Water Resource Planning

Statement of the Problem

The significance of adverse side effects that could result from man's us, of
his water resource has increasingly impressed the planner with the need to view
proposed developments with an ecologic perspective. For example, the chain of
events from lampr-v to alewives infestation of the Cleat Lakes reflects failure of
planners of the 14eiland Canal to foresee the importance of ecologic studies in
the project design. This and many additional examples emphasise the need to
improve our ability to anticipate unwanted side-effects of water resource develop-
ment, and to include studies for this purpose as an essential part of the planning
process.

The need for improved techniques for predicting the response of water-related
biological communities to man-induced environmental change is fundamental to
planning fel- ,-4source use. The sariety of such man-sade environmental change is
great indeed, and it emphasises the need for sistematic, reliable study procedures.
The research challenge is formidable and support for such research merits high

priority.

Research

Effects of chlorinated hydrocarbon insecticides on fresh water seed shrimp
were studied in South Dakota (A015StAK). it was determined that from 1 to 10
parts per billion of atdrin and dieldrin in water will virtually kill 100 percent
of the seed Shrimp. Exposure of shrimp to sublethal doses does not appear to
build up resistance. There is some indication that with constant exposure seed
shrimp become sore sensitive rather than resistant.

At concentrations near the lethal limit, aldrin and dieldrin are rapidly
accumulated from water by seed shrimp. After 24 hours of exposure seed shrimp
concentrate up to 1,000 and 1,600 times respectively the sldrin and dieldrin
concentrations in the water. The seed shrimp body per se accumulates Wilt of
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the residue, probably through the respiratory structure. Movement of insecticide
in live shrimp is entirely one way; there is practically no active or net excre-
tion. However, dead shrimp tend to return much of their accumulated insecticides
to the water.

The pesticides result in toxic residues concentrated in the region of the
mud-water interface. Benthic organisims such as seed shrimp which live on the
pesticide-laden substrate, because of their indiscriminate filter-feeding habit,
may function as "recyclers" of otherwise dormant insecticidal residues. Reintro-
duction of residues into the ecosystem and subsequent transfer to higher links in
the food chain may pose a serious threat not only to higher aquatic animals but
also to terrestrial animals which derive use or benefit from both aquatic life
and water itself.

A South Carolina study (A-013-SC) is also concerned with pesticides in the
aquatic environment. In a flowing syatera, experimental golden shiners exposed to
carbon-14 labeled DDT showed concentrations of DDT and metabolites 10,000 times
above the level added to the water. Fish fed pelleted foods with known amounts
of added DDT showed uptake of more than 50 percent.

"The UptALe and Concentration of Fluoride by the Blue Crab, Callinectes
sapidus," is the title of a North Carolina project (A-030-NC). The study has
contributed further information on ecological effects of increased fluoride
levels in the Pamlico Estuary as a result of phosphate processing. Special atten-
tion was given to fluoride accumulation in crab tissues and to the effect of
fluoride on crab growth. At 20 ppm fluoride in the water, the growth increment
of crabs decreased 4.5 percent per molt. The cumulative effect over a 20-molt
life cycle of a typical blue crab would be a 52 percent reduction in final average
size. Fluoride concentrations higher than 20 ppm had an even greater inhibitory
effect on growth. Exposure of crabs to water with 200 and 400 ppm fluoride for
extended periods showed crab muscle tissue can accumulate enough fluoride to
present a potential public health problem.

The Delaware River Basin Commiasion has provided most of the matching funds
for an important New Jersey study of "Effects of Thermal and Other Fonas of
pollution on Some Anadrhonous Fishes," (Project B-012-NJ). This study is pro-
viding useful information as to vulnerability of key species cf fish to specific
pollution hazards.

Effects of DDT on the ecology of a water-dominated environment is being inves-
tigated in the Flathead Lake area of western Montana (A-016-MONT). DDT-based insec-
ticides are used extensively throughout the area for control of insect pests of
cherries. Results to date show that disturbing quantities of DDT are present in
fish and wildlife species of the area and some evidence has been found showing
lethal levels of contamination have already been reached in some species. For
example, the osprey population appears to be declining in the Flathead Lake area
because of DDT contamination. This contention is supported by presence of from
37 to 59 ppm of DDT residue 4n a number of addled osprey eggs containing well-
developed, but dead, embryos. Dpta also indicate that high enough levels of DDT
may be present in migrating kokanee salmon to affect eagles in the area that
utilize spent salmon for food.

In a South Dakota project (B-002-SDAK) the Lake Poinsett ecosystem was analyzed
for chlorinated hydrocarbon residues. Components analyzed were water, bottom
sediment, plankton, algae, crayfish, aquatic insects, and fish. Concentrations
of nine insecticides were determined by gas and thin layer chromatography.

Results showed DDT and its metabolites to have the highest residue levels in
all trophic levels examined. Heptachlor, heptachlor epoxide, aldrin, dieldrin and
lindane were present in the majority of sample types. Endrin and methoxyclor
were not detected ab%-ve analytical confidence limits in any sample while :oxa-
phene was found in four fish. The DDT complex was found to increase in percentage
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of total residue with higher trophic levels. A change in ratio of DDT to DDD plus
DDE was found with increase in trophic level with amounts of DDT being greater the
lower the trophic level. Water had the lowest total residues. Bottom sediment
and crayfish had 18 times the water levels, plankton and algae a 37-fold increase,
fish a 790-fold increase and aquatic insects a 7300-fold increase. The amount of
insecticide significantly increased with age of the fish and amount of fat in the
fish. The DDT complex residue levels were well below the recent tentative Food
and Drug Administration's tolerance limit of 5 ppm on a whole-body, wet weight

basis.

Results of this study demonstrate the increase of chlorinated hydrocarbon
insecticide residues with increase of trophic level in aquatic ecosystems. Future
planning on water quality control in South Dakota should consider both the per-
sistence and build up of insecticides in lakes and streams. Future direction of
this project will be on insecticide analysis of fish-eating birds which summer
in this area.

With passage of P. L. 90-542, The Wild and Scenic Rivers Act, the Nation has
shown its concern about unrestricted river development that provides little or no
attention to maintenance of a quality environment. To provide planners with a
tool for use in future planning involving undeveloped river stretches, the State
of Idaho is conducting an investigation (B-014-JDA) to develop a methodology for
evaluation of wild and scenic rivers. This study is expected to: Identify and
estimate present and future quantities and values of natural resources in selected
study areas; describe and quantify as far as possible benefits derived from
esthetic values and personal enrichment from river areas; develop a model for
evaluation of alternative uses of related resources of the areas and, present
recommendations for alternative use and development levels for wild river areas.

In Massachusetts an interdisciplinary research study (B-012-MASS) is being
initiated involving classification of wildlife values, a study of aesthetic
values, and an analysis of economic values of wetlands. By aerial photography
selected wetlands and watersheds will be mapped and subsequently compared with
similar maps now 18 years old. Quantitative and qualitative descriptors will be
preparei for computer analysis of change in wetlands over this time interval and
some predfetions of future change will evolve. A geological framework for wet-
lands will be developed to assess involvement of given wetlands in local ground-
water ':egimes. Indicators of wildlife values will be developed to evaluate
effects of wetlands changes on wildlife. Visual - social values of wetlands will
be etudied to determine roles these land types play in aesthetic contributions to
the general environment. Broad economics of wetlands, including costs and bene-
fits, traditional and aesthetic, will be studied to provide a value base to aid
in management decisions. Results should be of substantial value in developing
usable criteria for evaluating values and uses of wetlands and in determining
amount and location of wetlands that should be preserved.

En Illinois, findings from project B-025-ILL indicate that flood plain pools
play an important role and could play an even more important role, in fish pro-
duction in the Kaskaskia River. Zooplankton populations, composed of microcrus-
taceans, protozoans, and rotifers are generally ten times greater in flood plain
pools than in the river. Since most young fish feed almost wholly on zooplanktor
at some stage in their development, it would be advantageous for fish to move
into flood plain pools to spawn. However, flood plain pools are dependent upon
proper weather conditions to maintain water levels adequate to keep connections
with the river. Below normal precipitation could destroy fish reproduction in the
pools for the year. Illinois scientists believe managing water levels in the
pools artificially rather than depending completely on nature could greatly
increase fish population in the Kaskaskia River.

Ohio project (B- 017 -OHIO) deals with the relation of on-shore economic
activity of the western basin of Lake Erie to pollution inputs. Systems analysis
visualizes the system as comprised of two major subsystems, economy of the Detroit-
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Toledo metropolitan area, aLid in-lake ecological subsystem; and two related sub-
systems, geological effects and recreational demand. L conceptual model is being
developed to describe the ecological system primarily in terms of oxygen trans-
port and utilization.

An imaginative approach to understanding the dynamics cf a natural stream
system has been taken in a Michigan study (A-032-MICH). Because streams are
threatened by increases in nutrients and pollution, it is essential that we
establish baseline populations for normal, unmodified streams. In this way we
may recognize subtle but possible extremely important changes in streams as a
result of land-use practices and nutrient runoff. Findings indicate trophi.1
structure can both define the nature of a stable stream ecosystem and predict as
well "sensitive" points in the system, such as population levels or level of food
source. Measurement or prediction of trophic instability should prove to be a
powerful tool in water quality studies, particularly during subtle transiticnal
stages when corrective measures might b' possible.

Metropolitan Area Water Systems

Statement of the Problem

The continuing growth of population and industry in urban areas and the
coalescence of communities are creating important problems in all aspects of
metropolitan area water systems. Examples of areas where research is needed are:
costs and benefits of various scales of facilities; the planning process with
socio-system simulation incorporated in the research; the preferred institutional
framework within which metropolitan water planning and management should take
place; ways to measure or evaluate social efficiency compatible with those
existing for economic efficiency; and the relationship between technological change
and social change, and effects in the past of one on the other. Also, btudies
are needed on policy changes to lessen or remove legal, political, jurisdictional,
adminisrrative, planning or other non-engineering impediments to more efficient
and effective water resources planning.

Research

Deliberate and systematic study of urban water problems on a comprehensive
basis has long been neglected. The American Society of Civil Engineers is assisting
the Office of Water Resources Research it outlining and developing a national pro-
gram of urban water resources research. The objective of the research project,
headquartered at Harvard University, is to provide guidelines for initiating and
expanding a program of long-range studies in urban water problems.

A final report (C-1125) for the first project year has been published com-
prising nearly 700 pages. The report points out that National capital investment
in principal components of urban water service is over $110 billion with projected
construction costs of more than $7 billion a year for the next several years. All
factors considered indicate total expenditures by lccal governments on urban water
will average $12 billion or more each year through 1980. Among subjects also
covered in the report are

1. Prefeasibility studies to determine possible effectiveness, cost
rod time requirements for: (a) a comprehensive systems engineering
analysis of all aspects of urban water (two studies); (b) a
general economic analysis of cost and pricing parameters of all
aspects of urban water (two studies).

2. A state-of-the-art study of mathematical models and related
simulation methods potentially usable for analyzing urban rainfall-
runoff-quality processes.
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3. Requirements for assessment of drainage damage and alternatives
to direct storm water runoff control, such as utilization of
recharge basins or other storage schemes.

4. Discussion of political, economic, legal and social problem&
related to urban water management.

The Center for Water ResourcesResearch of the Nevada Desert Research Institute
has made substantial progress (C-1337) in developing basic criteria for effective
management of a ground and surface-water supply system in an arid ucbau environ-
ment where water supply is limited and population is rapidly expanding. The study
area is Las Vegas Valley of southern Vevada, one of the fastest growing urban
areas in the United States, which has a large but hea' :ly over-developed ground- -
w. ter resource and is in process of working out a costly construction program for
obtaining surface water from Lake Mead.

This research, which combines multi-disciplinary efforts of experts in fields
of law, economics and engineering, has attracted widespread interest and coopera-
tion. It offers excellent prospects foc: (1) Value determinations of water in
use; (2) understanding various legal alternatives in water resource management;
and, (3) evaluating and explaining critical mathematical techniques for optimal
integration of available water resources under alternative economic and legal
structures. Progress is being made toward answering the question of how a new
and fast-growing urban oriented population organizes for optimal water management
and distribution. Such a solution is critical in this area as well as in other
regions of the Nation where mounting population pressures are creating new
demands for water.

At the University of Florida a study (C-1082) is nearing completion on applied
criteria for municipal water-rate structures. It will include a comprehensive
treatment of municipal water systems in the U. S.number, type, ownership,
descriptions of facilities, extent and kind of State regulation, structure and
administration of publicly-owned systems, practices and policies, water use
patterns, water pricing theory, and finally, applied criteria for water rate
structures. Cost data of a well-regulated utility are analyzed to demonstrate
effects of different rate basis on rate structures. Water utility executives
and policy-making officials should find this report valuable for use in examining
and evaluating their own policies and practices.

A study (C-1142) in Michigan is concerned with urban water policies and deci-
sion making in the Detroit metropolitan area. Tentative conclusions suggest
political and institutional factors are more restrictive of development of a
regional system, in an area fiercely protective of local autonomy, than are
economic or social factors or projected business, industrial and residential
demands.

Temple University reported, in project C-1388, that a regional approach to
urban water system development might eliminate much apparent economic waste rela-
ted to excess capacity. Present interconnections of urban water systems in the
Philadelphia, Pennsylvania, area are economically feasible and represent a con-
siderable potential for future interconnections.

Considering the likelihood that only limited additional water supplies can be
imported into Arizona and other states of the Southwest, future development can be
expected to depend upon efficient conservation and utilization of prevailing water
resources. The problem of optimizing salvageable water resources has been under
concentrated study for some time by Professor S. D. Resnick and his associates.

This research (A-011-ARIZ) began in fiscal year 1968 with an analysis of
salvageable water resources in the semi-arid Tucson Basin. Factors involved
included flood runoff, industrial and municipal wastewater, various treatment
procedures, and the hydraulics of natural recharge from sandy ephemeral stream
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channels. This led to recognition, evaluation, and understanding of management
alternatives for optimizing conservation, use and reuse of potential sources of
water which previously have been wasted.

Promising results of the research encouraged the principal investigator to
pursue the findings in detail with emphasis on urban and suburban areas. Project
B-012-A BIZ will evaluate an experimental watershed that is now being encroached
upon by urbanization. Potential is high for producing new and valuable findings
on the entire problem of nature and management of water cycles in an area under-
going rapid urban development.

The purpose of Texas study C -1098 was to predict changes in runoff response
of a small drainage basin due to increasing urban development in the basin. in

particular the study was aimed at predicting future response and applying pre-
viously derived urban and rural equations to drainage basins in the Houston,
Texas, area.

Data fcom seventeen watersheds in the Houston area and from thirty-three
watersheds throughout the United States were analyzed. From this analysis, mathe-
matical equations were obtained which predict the hydrograph for a drainage basin
using easily measured physical features of the basin. These equations predict
future hydrologic changes resulting from continuing urban development and provide
a method for designing drainage systems which will not become inadequate due to
future growth. Derived equations from the study were used to predict future
changes in the hydrologic response of the seventeen Houston watersheds.

ABT Associates of Cambridge, Massachusetts have completed a study (C-1469)
which involved research on ten case studies of urban eater resources and related-
land planning, based on interviews with urban planners, citizens' groups and
engineering consultants, and on current planning documents. Water quality manage-
ment, waterfront land use, water-related recreation and open space, and metro-
politan growth were identified as critical problem areas in planning the inter-
actions of urban activity and the water resource.

The planning of waterfront land use has been generally neglected by urban
water resource planners. Planners have been extremely slow in responding to
changing uses of such land, and have rarely taken advantage of its proximity to
the water resource. Experience from the case studies suggested that marine-
oriented commercial redevelopment of obsolescent urban waterfronts, and public
control of remaining waterfront areas through acquisition, setbacs. zoning, or
sightline and use zoning, can help retrieve the urban waterfront for recreation
and open space uses which take greatest advantage of its relationship to the water
resource.

Planning of water-related recreation and open space has been left to the under-
financed, powerless jurisdiction of parks and recreation planners, while more
powerful water resources officials have been reluctant to acknowledge their re-
sponsibility for recreational uses of urban water and related land resources.
Aecreatial uses, however, are cited in justification of pollution control invest-
ments, and planners must thus ultimately examine costs and benefits of recreation.
"Willingness-to-pay" benefit measurements and "need indices" were found to be
potentially valuable tools for urban water resources planners. Effective use of
such tools can help planners develop priorities and benefit-cost ratios that
will in many instances justify opening of watersheds and reservoirs, now closed
to the public for financial rather than public health reasons.

Metropolitan growth has posed serious problems of coordination and control in
planning of service extensions, flood control and drainage, and water quality
management. Though jurisdictional fragmentation, overlapping and competition
will continue to constrain metropolitan water resources planning, urban planners
can by their policy of service extensions and development controls exercise some
control over growth patterns. The "limited access sewer line" and "blue-green"
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drainage planning are potentially valuable methods for controlling metropolitan
growth and waterfront land use, but their success is largely dependent on their
integration into broader regional plans. The research results are documented in
the report, "Water and the Cities - Contemporary Urban Water Resource and Related
Land Planning."

The Tri-State Transportation Commission in New York City notified OWRR that
results of project C-1114, conducted by personnel of Barnard College of Columbia
University, New York and reported on in the 1968 OWRR Annual Report, has immediate
application to the long-range water supply and sewerage plan for the Tri-State
Region (New York, New Jersey, and Connecticut).

The completed report indicated that beyond 1985 it appeared major subregional
transfers would have to take place if the New York metropolitan Region is to
satisfy its water needs from presently used sources plus untapped flows within
the area. Exchanges between the New York City system and Long Island and/or
northeastern New Jersey were among those contemplated. The alternative is to
develop extra-regional sources or to turn to non-traditional methods, such as
desalination. In any event a major shift away from the present managerial struc-
ture toward greater integration appears likely. As a means for expanding water
resources the benefits from a unified approach to regional decision-making is
Impressive, either at the subregional level, as the simulation showed, or for
the metropolitan area as a whole.

There are many multi-source, multi-sink water networks servicing urban regions
in the United States. Findings and methodology developed in this program could
have widespread application to these problems.

A companion study (C-1629) by Barnard College is entitled "Coordinated
Management and Design of Metropolitan Area Water Supply and Waste Water Disposal
Networks - a Linked Systems Analysis." The plan of research, using the New York
Metropolitan Region as a case study area, is to consider: Behavior and design
of the water supply system; collection of basic facts on wastewater disposal and
sewage treatment facilities; a study of the operational efficiency of treatment
facilities; relation between land use and type of effluent and treatment needs;
definition of legal, administrative, and/or behavioral constraints on the total
system that may influence selection of alternative paths to optimal solutions;
design of a computer simulation model for a total water systems analysis, develop-
ment of prediction and optimization models of future demands to be made on the
total water system and design changes needed to accommodate the system to projected
needs in order to optimize use of the resoirce; and, guidelines for establishment
of a metropolitan area water authority for water supply and wastewater disposal
systems.

Cornell niversity, Ithaca, New York has commenced work on a study (C-I640)
entitled "Metropolitan Water Resources Systems Analysis." Investigations will
be undertaken of application of systems methodology to preliminary planning,
staeng, design and operation of metropolitan water resources projects under hydro-
logical, economic and politi:.al uncertainty. Mathematical planning models will
be structured for defining and evaluating preliminary alternative designs and
policies for municipal and regional water resources systems such as supply,
distribution and treatment works, urban runoff collection, storage and treatment

facilities.

Also, to be investigated are methods for predicting the effect of alternative
pricing policies on design, capacity, and operation of water supply. systems.
Methods will be developed for use as tools by municipal planners to aid in estab-
lishment of rational prices or rates for various types of water use.

A study in Massachusetts (A-027-MASS) is directed towards development of
methods for determining values, uses, and past and probable fates of minor water
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resources (ponds, wetlands, small streams) located iu urban regions. The research
is designed to test the hypotheses that (a) brooks and wetlands are disappearing
from urban areas because their values are unknown and/or unappreciated, and (b)
a city in humid regions without brooks and wetlands above ground constitutes an
environment for human life inferior to one which has well cared for surface waters.
Results of the research could lead to improved planning and utilization of water
resources in urban areas.

Another project in Massachusetts (B-015-MASS) has as its purpose to develop
a method to determine the interrelationship between changing functions of a river
in an urban region and changing cultural values of the proximate inhabitants. It

is hoped that this study 4111 give resource and urban planners a means for under-
standing the cultural context of their work and a basis for planning resource
use more rationally.

The Bureau of Business Research at West Virginia University completed a study
on forecasting urban water demand (C-1212). Since water supplies systems are
generally built to function for decades and area-wide systems of storage and
distribution cannot be planned and constructed overnight, it is becoming increas-
ingly important to project and plan for future metropolitan water needs.

This study should make a useful contribution to improving the methodology of
forecasting. An analysis of factors associated with variation in water usage
indicated that a general measure of area income and a general measure of overall
area si.:e are factors most closely associated with urban water usage. Five
alternative projections of water demand for 141 standard metropolitan statistical
areas were made, based on different assumptions relating to area size, income,
and water rates. These projections should prove most useful to metropolitan
planners and administrators responsible for assuring present and future water
supplies.

Adapting the water resource planning process to problems and needs of metro-
politan areas is the subject of research project C-1159 in North Carolina. The
study developed a public investment planning Ind decision model which differs
from the typical model used in U. S. river basin planning in four major ways:
(1) System geographic boundaries take both the urban-metropolitan region and
the river basin into account, thus incorporating water demand as well as water
supply factors in the system; (2) scale of water-resource planning is much smaller
than in conventional river basin planning, in that there is detailed analysis of
small urbanized streams and watersheds in which land and water values are high;
(3) the substantive content of water-resource planning emphasizes elements of
special significance to urbanized areas--urban storm drainage, mass recreation,
urban flood plain management and role of streams, canals, natural lakes and
impoundments in urban spatial design; and, (4) water-resource planning is explic-
itly linked with other sectors of urban-metropolican planning, including land-use,
transportation, open space, recreation, public services and environmental
quality aspects such as air quality and solid wastes management.

Preliminary findings have been used by the principal investigator in work-
shop sessions of Corps of Engineers' planners at Pennsylvania State in June and
September of 1969, to suggest ways in which Corps of Engineers' planning can con-
tribute more effectively to solution of urban-metropolitan water-resource problems.
Continuation of the research will apply the model to four metropolitan areas in
the eastern United States.

Research at George Washington University (C-1357) will investigate past
behavior of water agencies in metropolitan Washington, D. C., assess performance,
and recommend improvements. Initial appraisals suggest that agency actions are
relented from a very narrow range of alternatives, and that formal and informal
constraints pattern water services in distinct ways. Pricing structures are a
complex blend of use-rates, fees, charges, etc. Average cost pricing rather
than marginal cost pricing is entrenched. Retirement and service of debt play a
dominant role in pricing decisions.
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It is believed results of the project will be generally applicable to metro-
politan areas by providing; (1) an overview of the allocation of water resources
in metropolitan areas; (2) greater insight into the nature of institutions and
the ways in which institutions, particularly the planning institutions, structure
the allocation of water resources; and, (3) sensitivity for the role of informa-
tion and information development activities in decision-making. Results are
expected to increase understanding of institutions, decision-making, and planning,
which should enable metropolitan jurisdictions to make decisions affecting allo-
cation of water resources with improved awareness of the economic consequences of
such decisions.

An investigation has been completed in Alaska (B-006-ALAS) to determine the
feasibility of using warm, summer streamflow to recharge groundwater aquifers in
the Ancho;age area and to restrict use of cold, winter water for recharge. The
purpose is to provide a means of raising the temperature of the Anchorage muni-
cipal water supply to combat annual freezing problems that plague the municipal
water distribution and sewer systems. This investigation shows that groundwater
temperature can be raised by artificially sealing the recharging stream beds thus
reducing recharge of the aquifers by cold winter water and by using warn, summer
streamflow for recharge through artificially constructed recharge areas or wells.

Several Georgia projects have responded to widespread interest in urban water
resources. Six hundred copies of a report on the relationship between metropoli-
tan planning and river basin planning (B- 009 -GA) have been distributed and a
second printing is under consideration. Most metropolitan areas were found to be
handicapped because no ot,e metropolitan government is authorized to represent the
area for negotiation with river basin interests; and usually there is no river
basin management agency with whom metropolitan representatives could negotiate.
Significant changes that could be made in local, State, and Federal Water planning
procedures are suggested which would give more and better control to metropolitan
areas over development and use of their water resources.

Project B-011-GA has developed information for estimating domestic water
demands as a function of price structure and consumer income. Two other studies
(B-024 and B-045-GA) will provide improved measures for public opinion and per-
ception regarding urban water management issues, and, project B-038-GA will seek
to define the nature and scope of a program of metropolitan water resources
management, examine institutional and financial arrangements, and develop guide-
lines for improved resources management.

A multidisciplinary investigation involving several annual allotment and
matching grant projects (A-001 and 004-LA and 8-001 032, 003, 004, and 005-LA)
has produced results which show that encroachment of salt water in aquifers
underlying Baton Rouge, Louisiana, can be stopped by construction and operation
of two strategically placed scavenger wells to pump saline water to waste. The
study demonstrated, also, that the Baton Rouge fault prevents the bulk of saline
water in aquifers south of Baton Rouge from moving to the industrial area. One
implication of the study is that net offtake of water from the aquifers must be
reduced if land surface movement such as occurred in Houston, Texas, is to be
prevented in the Baton Rouge area. The hydrologic, hydrogeologic, engineering,
economic and legal aspects of this study are being summarized in one comprehen-
sive report.

Project A-020-LA deals with subsidence of land surface in the Baton Rouge,
Louisiana, area in relation to groundwater offtake. It is anticipated that the
findings will be of considerable value to citizens of Baton Rouge in helping to
determine the pace at which importation of additional water to the area should
occur. Project B- 004 -LA relates to this problem, also, and points out that the
Amite River would appear to be the most suitable source of water for importation
from the standpoints of quantity and quality.
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Much of the Laboratory Equipment
is of a Sophisticated Naturel some
must be handmade.

Mr.Chao ChiaChen is inserting a final
clarifier effluent sample in the turbidimeter
to measure turbidity before treatment of the
wastewater with a ferric chloride coagulant,

(Based on Project No. A012SC).
Photo, courtesy of Clemson Unorersdy
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Preparing a model for Project A011LA dealing with effect of formation dip
on movement of fresh water stored saline aquifers. A 6inch layer of
blasting sand in bottom of an 8-foot plastic pool simulates overburden
pressure. Model can be tilted by hydraulic jacks under supporting platfom,
The principal investigator, Dr. Oscar K. Kimbler, is at the right.
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Analog model for ground water management
in North Carolina demonstrated for Institute

Director Howells by Principal Investigator Dr.
Jabbar Sherwani, University of North Carolina

at Chapel Hill. (8-005NC)

Solenoid valve and associated
instrumentation for water
hammer reasurements in

friction reducing solutions.
(Based on Project No. A009SC).

Photo. Courlesy of Clemson University
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Equiornent used in measuring
vapor pressure isotop,)effects
in aqueous systems. Photo courtesy
Tennessee Water Resources Ru.earch Center
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Conservation of the Estuarial Water Resource

Statement of the Problem

The estuarial water resource is being subjecced to increasingly intensive
use. Urban land expansion, mineral exploitation, recreational development, com-
mercial fishing, industrial use, deposition of waste effluents, and problems of
siltation are increasingly complex forces that are shaping the estuarial environ-
ment and its future utility and value. An unders =ding of the simultaneous
multiple processes currently and foreseeably affecting the estuarial zone and its
contiguous lard areas is essential to an intelligent program for estuary manage-
ment. Research is needed in these many areas and on legal and institutional
changes necessary for planning and initiation of an effective estuary program.

Research

Pamlico River Estuary in North Carolina is expected to be markedly changed
as a result of phosphate mining and related industrial and population growth. The
quality of estuarine waters is important because of their value as fishery nursery
areas, for commercial and sports fisheries, and recreational use. A major research
effort has been directed toward this problem since 1966 (B-004 and A-030-NC).

Start of an extensive phosphate wining and processing industry along the
Pamlico River in 1965, created a need for measurement and prediction of possible
eutrophication. The basic technique used was transect sampling whereby areas
of the estuary with high and low concentrations of phosphate could be compared
using measurements of water chemistry and biology.

As expected, there was an increase in the amount of phosphate dissolved or
suspended in the lower river. However, in spite of increased amounts of phosphate
available, algal photosynthesis and biomass did not r^spond and areas with low
levels of phosphate gave about the same response as areas with high phosphate.
Experiments with carbon-14 and added nutrients revealed that nitrogen was limiting
in this estuary and that there appeared to be an excess of phosphate even under
natural conditions. With one of the two important nutrients present in excess,
it is therefore extremely important to keep nitrogen input to the estuary, from
fertilized fields or cevage, at a low level in order to prevent future eutro-
phication.

An investigation is underway in Alaska (8-014-ALAS) to determine effects of
spent salmon carcass decomposition on the organic and nutrient chemistry of a
fresh water stream, in which decomposition commences, and in the estuary, in

which the atream flows. Because decomposing carcasses of salmon that die natural
deaths following migration to spawning areas are lot dissimilar from industrial
wastes discharged by salmon canneries, results of this investigation are expected
to provide guidelines for maintaining control of pollutional effects of the
salmon canning industry in Alaska and possibly other states such as Washington

end Oregon.

Investigations of three major estuarine systems of the Chesapeake Say complex-
the York, Rappahannock and James Rivers - -from the standpoint of source, pathway
and effects of nutrients, mainly nitrogen and phosphorus, are being conducted in

Virginia (8-003-VA). All three systems are enriched with nutrients from municipal
and agricultural sources. Fresh-water 'inseam usually respond to this kind of
enrichment with increased phytoplankton productivity (eutrophicationj. However,
the James and Rappahannock Rivers do not respond in this manner, but the York River
does. Pow nutrients move in the former two is an elusive question now being
pursued because of its obvious value in controlling the unwanted nuisance of
eutrophication. in addition, correlations will be made with finfish and oyster

production.
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Project A-028-MASS in Massachusetts is concerned with development of basic
information necessary for prudent management of an urban estuary. Data on physi-
cal, biological, and chemical parameters will be obtained. A materials balance
will bedeveloped for such items as nitrogen, phosphorus, coliform bacteria and
pesticides in the estuary. This informatior, will be used to evaluate impact of
a proposed flood control project which will affect the estuary and, also, the
effect of refuse disposal operations adjacent to the estuary.

Estuaries are complex, dynamic onvircnments characterized by fragile eco-
systems. Increasing pollution and man-made changes threaten their ability to
serve man's many uses. An understanding of physical and biological processes of
estuaries is essential to an intelligent program of estuarine management.
Projects C-1214 and C -1428 involving utilization of physical and mathematical
models in marine water resources have been supported with "seed" funds by OW RR
to help develop a capability at Virginia Institute of Marine Science for physical
and mathematical modeling of estuaries. Hopefully, this capability will be ready
for application when the Corps of Engineers initiates the Chesapeake Bay Study
with a hydraulic model of Chesapeake Bay.

Results to date include:

1. Training of a competent team of fluid dynamicists and ocean-
ographers capable of working with mathematical and hydraulic
models.

2. Contributing to critical evaluation and improvement of
existing estuarine hydraulic scale model systems.

3. Utilizing scale models in development and evaluation of
mathematical models of fresh water portions and estuarine
portions of a classical, Tidal tributary.

4. Improving existing mathematical models of estuarine systems.

5. Developing instrumentation for non-destructive sampling in
hydraulic model systems.

6. Applying these techniques to real estuarine resource problems.

In Flotida, efforts are being made (A-007FLA) to develop method.* to predict
residence tine of water in the State's estuaries and bays with a view to protecting
quality of these environments from pollution. Mathematical models are being
verified with empirical data from Lake Worth and Sarasota Bay. Emphasis in the
future will be given to effects of wind and river inflow.

A geortie. study (B-035-GA) concerns estuarine hydrography and its role in
transport of food and pollutants. It has been found that water circulation
parallels the shoreline but reverses with seasons. Salinity and temperature
contours are also parallel to shore. Decomposing organic materials exported
from the marshes are confined to a narrow zone parallel to the coast, ten miles
wide. Measuring and understanding these conditions are vital to protection of
the ecology of the coastal tone, especially from the standpoint of maintaining
spawning and nursery areas for economically important fishes and other organisms.

Dissemination and Application of Knowledge

Statement of the Problem

In recent years there has been greatly increased attention to water resources
activities that are new in their technical a:pects and professional involvements.
Examples of water resource activities that involve physical, life, and social
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scientists and engineers are: water resources planning; water quality management;
pollution abatement; water resource management in metropolitan environments;
management and protection of estuarine areas, lakes, and marshlands; and manage-
ment of heat rejected by thermoelectric generating plants. Properly informed
consideration of, and action on, such matters requires ready access to results of
research.

Information needs outstrip the capability of existing channels of communica.
tion. Response to these enlarged nerds is limited by 4,nadequate funds for tech-
nical information services and inadequacies of information dissemination technology.
Diverse concern with improvement of information dissemination requires that atten-
tion should be directed to idenfitying:

(a) who should be responsible for such information dissemination; and

(b) what means of dissemination should be utilized.

Activities

Activity under this problem area has not involved actual research projects as
much as it has action programs in the dissemination and application of knowledge.
These action programs have fallen into various categories and are covered in
Parts III and IV of the Annual Report under the following headings:

Part III

Water Pesources Snienti.fic Information Center program

Technology Transfer

Office of Water Resources Research Seminars and Meetings

Part IV

Water Resources Research Instautes and Centers activities in
seminars, extension programa, and short courses as indicated in
Directors' Statements.

Other Problems Related to the Hydrologic Cycle

Statement of :he Problem

Research under this section deals with a broad array of basic studies of the
natural occurrence, character, transport and distribution of water that are not
specifically oriented to the other problem areas. Results from these studies
often serve as essential supporting information to applied problems in water
resources development and use.

Research

Industrial or economic development of some low-lying areas such as the Gulf
Coast of Louisiana may be impeded by lack of a year-round potable water supply.
In these areas, surface waters become brackish or salty in the low-flow period
of streams and underlying water-bearing formations contain brine instead of
potable water.

Projects A.002 and 011 -LA involving development of a model for digital com-
puter simulation of storage of fresh water in an aquifer containing brine, have
elicited much local and national interest. Results have been sufficiently
promising that the town of Empire in Plaquemine. Parish, south of New Orleans,
has, with assistance of consultants, constructed a prototype injection well 1000
feet deep and observation wells at the ease depth to evaluate the efficiency of
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fresh-water injection of the aquifer and subsequent offtake of potable water. By

June 30, 1969, some 30 million gallons had been injected in the test well and the
fresh-water front was reported to have replaced salty water for a distance of at
least 300 feet from the injection well. Continued research will study the effect
of formation dip on movement of fresh water stored in saline aquifers and the
efficiency with which it can be withdrawn.

A multi-county regicn in North Carolina encompassing estuaries of the Neuse
and Pamlico Rivers is currently experiencing difficulties with groundwater supply
of the Coastal Region because of dewatering operations associated with open-pit
phosphate mining. Reduced pressures in the artesian aquifer threaten salt water
intrusion, and the region has been declared a "capacity use area" with stet.
regulation of wrter use. The Institute has undertaken research leading to develop-
ment of an electric analog model to guide water management (A-026 and B-005-NC).

The prosecution of promising research in Hawaii under projects B-005, 008,
and 011-HI in the significant field of groundwater problems has aroused strong
local interest in the Water Resources Research Center's program at the University
of Hawaii. Research by the Director and his associates in geophysical explora-
tion for ground water sources, has received more than half of its support from
non-Federal funding. As a result, effort under projec:, B-015-HI is concentrating
on a particularly hopeful line of endeavor concerned with remote sensing of water
with electromagnetic radiation. This procedure is intended to exploit energy in
the electromagnetic spectrum as a tool for exploration of geological structures
controlling movement of ground water. Successful findings could have far-reaching
application, in Hawaii, on other Pacific Islands, and on the mainland.

Research in Florida (A-011-PLA) ie utilizing uranium and hydrogen radio-
nuclides as natural tracers in the Floridan Aquifer. Results indicate uranium
isotopes show a close relationship to hydrologic factors such us permeability and
recharge and can also be used to test mixing models of aquifer wster'in a quan-
titative way. Also, the study has developed a highly successful method of analysis
of tritium content in water without requiring enrichment of the samples. This

technique represents a major advance over methods formerly available both as
regsrds to expense and time.

Vermont project A-012-VT is the first part of a four pAet study to develop a
model to describe the hydrology of Lake Champlain basin. The primary objective
of this phase will be to .levelop a basic understanding o: fluctuations in water
levels in Lake Champlain. Specifically, records of the lake levels at
Burlington, Vermont, and Rouses Point, New York, will be studied in en effort to
delineate such characteristics as trends, cycles, periodicity, carryover and ram
dom compontnts. This study of take levels and development of a descriptive model
will increase basic knowledge of how lakes behave and will be a contribution to
future investigations and planning in Lake Champlain basin.

Critinued success of irrigated agriculture in the high plains cf eastern
Colorado is dependent upon recharge of ground water in the Ogallala Aquifer.
Project 8-01300L0 is studying how ground water recharge is affected by surface
vegetation anA management. Initial results showed a significant increase in soil
water accumulation was obtained where gravel mulch had been applied to field
plots and vegetation was controlled by herbicides. This appears to be the only
surface treataent in the study for which an appreciable fraction of the annual
precipitation can be permanently stored in the soil profile. Surface runoff
collection areas, such as Playa lakes and terrace basins, and irrigated fields
were the only surface conditions where increased percolation could be predicted
to contribu.a to ground water recharge.

It is hoped results will provide a practical means of substantially in
creasing the recharge rate, using land having limited economic value for other
uses. Community and possibly legislative action will then be necessary to develop
recharge facilities on a acale to make an effective impact on agriculture.
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In terms of number of people and industrial plants served and quantity and
quality of water available, the Atlantic Coastal Plain Aquifer is among the
'world's most important artesian aquifers. A Georgia study (A-006-GA) seeks a
detailed understanding of its physical character for constructive conservation
of this resource.

Results were tpplied to a practical public problem of mineral leasing and
water supply in the Savannah, Georgia, area, A committee was appointed to eval-
uate One feasibility and effect of phosphate mining in the coastal area near
Savannah. Priority was given by the C'eimnittee to the effect of mining operations
on the Coastal Plain aquifer because of possibility of breaching overlying
impermeable clays confining the aquifer. On the basin of information obtained
in this research project, the hydrology of the aquifer indicates any breach of
overlying impermeable clays would allow salt water to enter the aquifer and
pollute Savannah wells. Had it not been for this research project, this infor-
mation would not have been available.

Pennsylvania is conducting a broad investigation (A-005-PA) of carbonate
hydrngeologic environment, and their relationship to land use, and water resources
development and management. Although this project has several more years to run,
it has produced interim results of considerable practical value in alleviating
or preventing fro,Jt heave and other failures of structures, flooded basements,
lagoon and septic tank failures, and ground water and surface water pollution.

Wisconsin project 11009 -WIS is involved in investigations of circulation of
Lake Superior. Infrared temperature survey flights have been used to determine
surface temperature data for spring, summer, and fall. Direct measures of current
and thermal structure of the lake between Keweenah Peninsula and Isle Royale have
been made. Three approaches using fiele, laboratory model, and theoretical
studies have been used in the evaluation.

A significant result of the study has shown that strong and relatively
narrow (140 miles wide), counterclockwise boundary currents occur along the
perimeter of the lake. These boundary currents have important consequences
regarding waste disposal and pollution in the lake. It is anticipated that
results will be useful in improve,' water resources management of Lake Superior
and the Great Lakes in general.

Project B0021ND completed studies in Indiana in which effects of urbaniaa
tion on time lag, magnitude of peak discharge, time to peak discharge, and
frequency of peak discharge were quantitatively deduced. Because rainfall and
runoff dtta for both urban and pre-urban conditions of watersheds are commonly
unavailable, analysis was made of data from watersheds in the same region though
in differew- stages of urbanization. Such anclysis reveals effects of urbanisa-
tion on runoff characteristics.

Another Indiana study (A.007.1ND) is concerned with constructing a quantita-
tive system of stream classification. Under test is a computer program which
produces contoured slope maps from elevation data. If successful, it will be
combined with stream order and terrain analysis programs to produce a computer
package. This in turn, would provide all geomorphic parameters for a drainage
basin study from a set of griddeA elevation points.

Completed study B0015.ILL developed a mathematical model to relate hydraulic
parameters, i.e., discharge velocity, width, depth, and cross-sectional area, to
drainage area 4-nd flow frequency of the stream. Comparison between the Lithe..
statical model and observed data in plinole and Indiana was good.

Illinois project B-023 -ILL will expand this research nationwide to include
ten additional streams chosen to represent a wide variety of physiogrophic and
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hydraulic conditions. Results are expected to make an important contribution to
the understanding of all river systems, and will aid in FO,anning projects for
control or development of rivers anywhere.

The role of Langmuir circulations in the mixing of Lake George, New York, is
being studied in project E-015-NY. The principal investigator reports that support
from OW RR has encouraged the Atmospheric Sciences Research Center and the Depart-
ment of Atmospheric Science at the State University of New York at Albany to
participate in the work of an Institute of History, Art and Science with respect
to limnology, ecology and studies of the air-water interface. He reports f.'rther
that the research program has brought about renewed interest in the phenomence. of
Langmuir circulation on an international scale.

The project has yielded detailed measurements of both atmospheric and aquatic
conditions before and during occurrence of Langmuir circulations showing circula-
tions are a major cause of epilimnion mixing and thermocline formation and move-
ment. As such, they have a substantial effect on evaporation rates and diffusion
rates. A practical aspect of this research has been development of improved
instrumentation for determining air and water temperature, wind speed and direction,
relative humidity, and capillary wave heights.

Research on Other Problems Including Engineering Structures and Data Collection

Statement of the Problem

This subject covers a number of problem areas including: research designed
primarily to improve the strategy for establishing field data collection programs,
data acquisition methods, and data evaluation, processing and publication pro-
grams; research having a prime objective of development of new technology for
designing, constructing, and operating water resources engineering works; add
other research not specifically included in the problem areas.

Research

The principal objective of project 0.1414 being conducted by Surveys and
Research Corporation of Washington, D. C., is to develop and test a methodology
for obtaining, via a mail survey, measures of manpower supply and demand in the
field of water resources. As a basis for design and coverage of the mail survey,
the contractor undertook a classification of water resources activities, as well
as a listing of major types of employing organizations, with rough estimates of
the number of establishments in each type.

The mail survey was launched in April 1969, and 200 questionnaires were lent
to respondents selected to be illustrative of principal types of employment set
tinge in which trained avatar resources personnel may be found. Information was
requested on position or occupational titles in use, level ct responsibility and
principal function, educational and other requirements for appointment, number of
incumbents by principal field of training or experience and full or part-time
status on water-related activities, budgeted vacant positions by principal reason
for vacancy, estimated changes in manpower requirements 1969-79, and current pro-
visions for training and educational leave.

Concurrently, similar data were assembled, via interview and correspondence,
on vatec-:elated positions in the Federal Government, whid-h was excluded from
the mail survey.

Examination of early returns indicates there has been excellent cooperation
by respondents, that questionnaires have been completed conscientiously and that
information provided is excellent and meets objectives of the project.
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Dr. James E. Lewis is undertaking a study of manpower requirements in the
field of water resources research in project A-015-1A. This Louisiana study com-
pares available statistical data on potential supply of highly trained manpower
with published estimates of demands. Dr. Lewis does not consider outlook for
manpower in this area to be bright because of limited supply of people with
requisite interests and abilities to do the research and the large demand on the
part of technical and professional fields for precisely this type of personnel.

Indiana, recognizing importance of reliable information on the State's water
resources research, manpower, and training needs, completed a detailed study
(A- 008 -IND) in this critical field. It was found an already serious and growing
problem exists in the State of Indiana (as well as in the Nation) due to short-
age of qualified professional and technical personnel in fields of pollution and
environmental control and water resources. The study pointed out large and grow-
ing career opportunities in these fields, and 1.. related research, and indicated
methods of counseling and encouraging students to enter these occupations.

The comprehensive study resulted in eleven recommendations, one of which was
for Purdue to offer a two-year associate degree program in pollution control
technology.

Arkansas project A- 008 -ARK is involved in developing digital systems for
on-site data collections for water quality analysis. The study enumerated five
requirements for a remote monitoring station. A system was designed and developed
from commercially available components which met specified requirements. The unit
can be contacted from a central station by telephone or teletype for playback of
the day's recordings.

A system for coding and machine processing of ground water data has been
developed in Montana (A- 014- H)NT). Computer programs and forms for processing
well, spring and water quality data have been written. The processing system
provides a uniform integrated approach to data collection and processing with
considerable saving in manpower. The system is easy to use, economical, and
accurate.

Massachusetts Institute of Technology is developing a generalized computer
language for hydrologic and hydraulic analyses under project C-1495. A prelim-
inary computer system has been developed which shows promise of application in
all planning, design and operation situations where *per channel water surface
profile (both steady and time-varying) computations are required.

Project A-018-NC produced en extensive bibliography and date inventory of
all published and sone unpublished information on North Carolina water resources
and completed a series of four studies providing background information necessary
for water resources research planning and its integration with operation programs.
The report will also be useful to consulting engineers, planners, regulatory
agencies, citizen groups, and others who would like to know what information is
available or the water resources of North Carolina and where it is located. It

was prepared in recognition that few people have time to conduct state-wide
searches for information in their fields of interest or concern.

Development of geochemical and geophysical techniques as an aid to deter-
mining availability of ground water in limestone terranes has received consider-
able impetus in Alabama (8-007-ALA). One of the outgrowths of the study has been
preparation on computer cards of an annotated bibliography of more than 2000
references to the hydrology of limestone terranes. The bibliography is to be
published as a part of the international Hydrologic Decede and should be very
useful in facilitating research in this area.

Illinois has conducted a study (1.25ILL) on identification and critical
analysts of selected literature dealing with recreational aspects of water
resources use, planning and development. Methods have been developed to identify,

52



locate, manually retrieve, and classify literature on this subject. A computer-
ized bibliographic retrieval process has been developed geared to key word inputs.
A topical outline of knowledge dealing with the subject area has been constructed
to provide a framework for critical analysis. Existing knowledge and gaps in
information has been demonstrated which has led to development of an inter-
disciplinary recreation-water resources research program.

Investigations of the biological aspects of water problems extend from
onecelled organisms to vertebrates as they affect, or are affected by
water.

Planting board used with bottom trawl
for capture of fish in Bear lake.

Utah -Idaho
Photo ettuttety Wet, Center foe %Valet Resource% Restate!,
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Lake George, New York diatoms, Cocconeis pedicul.:s as they appear under
a scanning electron microscope at 6600 x magnification. Project C1484

freshwater mussels ate being used in a

procedure lot monitoring hatur tl waters
for pesticide content. the picture shows
James W. Bedford, a graduate ittIbt t A
assistant inspecting e mussel that is
being kept in a laboratory iiolding lank.
teats. twits, i.sttte water Rest attt,
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PART II

MANPOWER, TRAINING AND PUBLIC INVOLVEMENTS

MANPOWER AND TRAINING ASPECTS OF THE COOPERATIVE WATER RESOURCES RESEARCH
AND TRAINING PROGRAM ARE DISCUSSED, AS ARE SOME OF THE REGIONAL ACTIVITIES OF THE
STATE INSTITUTES, AND PUBLICATIONS AND REPORTS EMANATING FROM THE PROGRAM, THE
SCIENTIFIC DISCIPLINES OF 1194 PROFESSIONAL INVESTIGATORS AND 1862 STUDENT
RESEARCH ASSISTANTS IN TITLE I PROJECTS AR COMPARED WITH 215 PROFESSIONALS AND
114 STUDENT ASSISTANTS ENGAGED IN TITLE II RESEARCH. ENGINEERS, PARTICULARLY ON
TITLE II PROJECTS, WERE MOST NUMEROUS AMONG THE INVESTIGATORS. THE ENGINEERS
WERE FOLLOWED IN NUMBER BY ECONOMISTS ARID MATHEMATICIANS-STATISTICIANS-COMPUTER
SPECIALISTS IN THE TITLE II PROJECTS, AND BY BIOLOGISTS, GEOLOGISTS AND ECONOMISTS
IN THE TITLE I PROGRAM. EXAMPLES ARE CITED IN WHICH 71 PROFESSIONALS WHO PRE-
VIOUSLY HAD NOT DOT'S WATER RESOURCES RESEARCH WERE ATTRACTED TO THE WATER FIELD,
BRINGING WITH THEM NEEDED NEW COMPETENCE. PARTICIPATING UNIVERSITIES REPORTED
THE DEVELOPMENT OF 286 NEW WATER-RELATED COURSES, AM) EMPLOYMENT OF 238 STAFF
MEMBERS FOR NEW POSITIONS AND 72 FOR REPLACEMENT LAST YEAR. APPROXIMATELY 13
PERCENT OF THE NEW EMPLOYEES WERE SUPPORTED, IN PART, BY P.L. 88-379 FUNDS,
SEVENTY-SIX COLLEGES AND UNIVERSITIES PARTICIPATING IN THE PROGRAM REPORTED AN
ENROLLMENT OF 3027 GRADUATE AND 24 POST-DOCTORAL STUDENTS IN WATER-RELATED FIELDS.
THE STATUS OF 4978 GRADUATES DURING THE 1968.69 SCHOOL YEAR WAS REPORTED AS
FOLLOWS: 33.77. UNKNOWN AND 7.4% UNEMPLOYED OR IN NON WATER-RELATED POSITIONS;
OF THE REMAINING 59%, 47.4% OBfAINED WATER-RELATED POSITIONS, 28.9% RETURNED TO
SCHOOL FOR FURTHER TRAINING, AND 23.6% WENT INTO MILITARY SERVICE. EXAMPLES OF
PUBLIC INVOLVEMENTS OF STATE WATER RESOURCES INSTITUTIONS ARE GIVEN, INCLUDING
ACTIVITIES OF REGIONAL ASSOCIATIONS. DURING THE YEAR 1968-69, THE TITLE I PRO-
GRAM PRODUCED 574 PUBLICATIONS, 225 THESES AND DISSERTATIONS, AND 230 PROJECT
COMPLETION REPORTS. THE TITLE II PROGRAM PRODUCED 52 PUBLICATICNS, S THESES,
AND 13 PROJECT COMPLETION REPORTS. ELEVEN DOCUMENTS OR SERIAL PUBLICATIONS WERE
PRODUCED BY OWRR-WRSIC AS AN ORGANIZATION AND 8 WATER-RELATED PAPERS WERE PUB-
LISHED BY OWRR STAFF MEMBERS.

Introduction

This parr of the report deals with manpower for research and traiang,
improved capabilities of the universities for research and training, student
research assistants in the P.L. 88.379 program, numbers of water resources
students and their status after graduation, publications and reports eman.tting
from the program, and other activities of the State water resources research
institutes.

Manpower Aspects

Title I Research Investigators

Nearly 1200 professional investigators from literally dotens of scientific
and engineering disciplines were engaged in research on Title I projects during
1968-69. They were assisted by 1862 students also representing a wide variety
of disciplines.

Professional Investigators (Title I)

The professional investigators of Title I projects have increased from 629
in Fiscal Year 1966 to 1194 in Fiscal Year 1969. They are shown by scientific
discipline for each of the past four years in Table 1. Nearly four-fifths
(78.9%) had doctoral degrees; 17.7 percent, masters' degrees; and 3.4 percent,
bachelors' degrees. Percentages were similar in the previous three years.

By grouping more or less arbitrarily the ten or more types of engineering
and the many specialleed areas of biology and economics concerned with water into
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single or few categories, there are still 58 fields shown in Table 1 indicative
of the pervasive nature of water resources research. Engineers are predominant
among the disciplines represented, followed by various biological sciences,
economics, geology, chemistry, physics, and soil science. The 422 engineers
reported may be categorized or subdivided as follows: civil, 160; agricultural,
95; sanitary, 44; chemical, 38; hydraulics, 30; industrial, 13; mechanical, 11;
environmental, 11; electrical, 11; nuclear, 5; and petroleum, 4.

It is of interest to note that, in 1969, anthropology was represented by 4
individuals, art by 1, computer science by 2, history by 1, political science by
16, psychology by 5, and mathematics by 5. In many projects there were several
disciplines represented. Continued efforts are being made to foster multi or
inter-disciplinary approaches to research on water problems. Examples of these
are given in connection with the subsequent discussion on Title II research
investigators.
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A Wit interdisciplinary WrojecI reeuirei learn *fork. Here both faculty and students of the Um/tiro/
of Vosconsin portfcipate in a discussion on the progress of title It Project, "Institutional Design for
Water Quality Management: A cste study of the Vfistootin Silver bowl." (C1228)
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Table 1

Sr.;ENTIFIC DISCIPLINES OF PROFESSIONAL INVESTIGATORS
OF TITLE I PROJECTS, 1966, 1967, 1968 and 1969

Discipline of
Investigator

Number of Professionals
FY 1966 FY 1967 FY 1968 FY 1969

Aerial Photo Interpret. 1 1

Agronomy 12 23 20 19

Anthropology 1 1 4

Architecture (Landscape) 1 5

Art 1

Atmospheric Science 1 1 3

Behavioral Science 2

Biology (Including Micro) 35 59 58 77

Botany 13 14 16 25

Business Admin. 1 2 2

Chemistry 26 29 56 55

Climatology 4 2 1

Computer Science 2

Conservation 1 2 2 2

Earth Science 4 1

Ecology 10 7 10 5

Economics 45 72 88 100

Education 1 1 2

Engineering 242 329 331 422
Environmental Science 1 7 10

Fish and Wildlife 17 21 22 23

Food Science 2 2 2

Forestry 13 12 12 20

Geography 9 14 13 13

Geology 72 74 67 93

Government 3 1

History 1 1 2 1

Home economics 1 1

Horticulture 4 3 6 10

Hydrology 14 7 21 29

Industrial Relations 1 2

Law 15 33 22 26

Limnology 4 11 18 23

Mathematics 3 5

Meteorology 10 9 8 14

Mineralogy 2 5 5 4

Natural Resources 1

Oceanography (Marine Sci.) 1 2 3 S

Pharmacology 3

Planning 2 2 3 6

Political Set. and
Public Admin. 5 10 12 16
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Disciplines of
Investigators

Table 1 (Cont.)

FY 1966 FY 1967 FY 1968 FY 1969

Psychology 2 1 5

Public Health 3 2

Radiology 1

Range Management 1

Recreation & Parks 2 6 2 4

Sanitary Science 1 1 1

Seismology 1

Sociology 4 7 8 18

Soil Science 17 20 24 36

Statistics 1 3

Toxicology 2

Vet. Science 1 1

Water Resources 3 11 4

Watershed Management 2 2

Zoology 24 27 50 53

Total 629 855 965 1194

r

Research sociologists at Utah State University; Dr. Wade H. Andrews, left, and Dennis C.
Geertsen, right, are reviewing data tabulation analysis of attitudes toward the Bear
River Basin development. Photo by Utah Center for Water Resources Research
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Table 2

THE SCIENTIFIC DISCIPLINES AND EDUCATIONAL STATUS OF
STUDENT RESEARCH ASSISTANTS WHO RECEIVED P.L. 88-379

FINANCIAL SUPPORT, FISCAL YEAR 1969

Scientific
Background
Area of
Student

Educational Level of Students

Total
Students

Under-
gradu-
ates

Master's
Candi-
dates

Doctoral
Candi-
dates

Post-
Doctoral

Agriculture 25 9 8 42
Agronomy 9 12 8 29

Anthropology 2 4 3 9

Architecture
(Landscape) 4 5 9

Art 2 2

Atmospheric
Science 1 1 2

Bacteriology 2 2 1 5

Biology 64 52 41 157

Botany 6 8 11 2 27

Business Admin. 7 11 2 20

Chemistry 23 24 18 4 69
Computer

Science 1 5 6

Conservation 1 1

Earth Science 1 1 2

Frolngy 5 4 9

Economics 31 39 32 1 103

Education 16 2 18

Engineering 244 254 146 7 651
Entomology 2 5 1 8

Fishery Biology 12 7 4 23

Food Tech-
nology 1 1

Forestry 16 16 6 1 39

Fuel Science 1 1

Geography 12 5 17

Geology 29 48 31 108

Government 3

History 2 1 3

Horticulture 2 4 4 10

Hydrology 9 12 11 2 34
Industrial
Management 4 4

Information
Science 1 1 2

Journalism 1 1 2
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Scientific

Background
Area of
Student

Educational Level of Students

Total
Students

Under-
gradu-
ates

Master'
Candi-
dates

s Doctoral
Candi-
dates

Post-
Doctoral

Law 9 8 2 19

Liberal Arts
& Humanities 17 17

Library Science 2 2

Limnology 5 7 12

Marketing 1 1

Mathematics 4 5 1 10

Meteorology 6 1 7

Microbiology 15 24 10 3 52

Natural
Science 1 1

Oceanography 1 1

Physics (Geo.
& Soils) 18 13 11 3 45

Planning (City
& Reg.) 7 1 8

Pharmacology 1 1

Physiology 1 1

Political
Science 4 9 3 16

Pre-medicine 2 2 4

Public Health 7 4 5 16

ReuLeaLitm
& Parks 2 3 5

Resource
Development 1 3 1 5

Science 2 2

Sociology 3 7 10 20

Soils 9 10 16 2 37

Statistics 1 1

Textiles &
Clothing 1

Vet. Medicine 1 1 2

Water
Resources 5 8 13

Watershed
Management 9 2 6 17

Wildlife
Biology 10 17 7 34

Zoology 23 34 33 4 94

Total: 669 698 465 30 1862

61 disciplines

60



FIGURE 3

STUDENTS RECEIVING FINANCIAL SUPPORT
BY SERVING AS RESEARCH ASSISTANTS

IN THE P.L. 88-379 PROGRAM
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Student Research Assistants (Title I)

The level of funding for Title I research remained the same in Fiscal Year
1969 as it was in Fiscal Year 1968 and the number of students reported as having
received P.L. 88-379 financial support as research assistants likewise remained
essentially the same -- 1862 in 1969 as compared with 1866 in 1968. The numbers
are shown graphically for the past five years in Figure 3 and, according to
academic level of the student assistants, in Figure 4. There has been an increase
in the percentage of assistants who are candidates for the doctoral degree --
15.1 percent in 1966 to 16.9, 20.5, and 24.9 percent, respectively, in 1967, 1968
and 1969; whereas the percentage of undergraduates has declined from about 44
percent to 36 percent of the total.

The scientific discipline and educational level of student assistants are
shown in Table 2. By grouping some s?ecialized types of engineering, biology,
economics, and other disciplines into relatively broad categories, student
assistants are listed in 61 disciplines. Engineering, with 651 students, con-
stitutes the largest group -- 35.0 percent of the total -- followed by biology,
considered broadly, with 413 students; geology, with 108; economics, with 105;
and others, with lesser numbers. This is a pattern similar to that of last year;
however, more students appear in these annual compilations with background train-
ing in such fields ns anthropology, sociology, and landscape architecture than
was true during the first year or two of the P.L. 88-379 program.

0

Graduate student Stancil D. Powell in the A. French Textile School, Georgia Institute
of Technology, is identifying through spectrophotometric analysis the degradation
products of biologically degraded dyes. (B-027GA)
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Students serving as research assistants
to well qualified professional investiga-
tors gain valuable training and research
experience. Nearly 2,000 students
received financial support while working
as assistants on PL 88.379 projects in
1969 and a much larger number
benefitted from supplies and equipment
purchased for approved projects.
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Dr. John M. Lawrence, Principal Investigator,
and David Bayne, Graduate Research Assistant,
of Auburn University sampling water in Lakes
Eufala and Seminole to determine nutrient input-
storageoutput relationships. Project B-015ALA.
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Laboratory Technician Dorothy Waring
precipitates warp size in research on
textile wastes. Dr. Carl E. Bryan, De-
partment of Textile Chemistry, North

Carolina State University, is the
principal investigator (A035-NC)
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Faculty and students of the University of Wis-
consin examine the computer print-out sheets
they are using in their preparation of a macro.
water quality model for the Title II project,
"Institutional Design for Water Quality Man-
agement: A Case Study of the Wisconsin River
Basin" (C-12?.8) (I. to r) Charles Mc Quillan,
James Fritsrn, Gerald Stadler, Charles Falkner
and Alasdair Mac Cormick. Photo, courtesy University
Extension, University of Wisconsin

Use of collecting equipment being explained to
students. Bottom trawl in foreground.
Photo, by Utah Center for Water Resources Research
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ralLA erdlity".4. r ...Aiggrop,......__ - Two graduate assistants retrieving a viral sampling pad
from a wastewater treatment plant tank for laboratory
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examination in Project A026.M ICH.
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Mr. Paul Schorr (right) and Dr. B.
Davidson are shown at the analog

computer during a simulation run on
project 13011NJ. The oscilloscope

picture shows a set of simulated DO
and 80D curves used in a particular

aeration station design calculation. A
change in the potentiometer settings

causes the system parameters to
change, thus resulting in a new

design. A permanent record of the
calculations are obtained on the X-Y

plotter.
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Photo, Courtesy New Jersey Water Resources Research Institute
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Professor Irving K. Fox, Associate Diloctor
of the Water Resources Center at the Uni-
versity of Wisconsin and Chief Investigator
of the title 11 Project No. C.I228, points
to the location of a paper mill on the map
of the Wisconsin. River Basin. The other
members with Professor are studying
aspects of financing and economic
incentives of water quality management,
the possible effects of water levels in
reservoirs upon recreation values, and the
results of a survey made on the attitudes
of the public.



Title II Research Investigators

Activation of Title II of the Water Resources Research Act enhanced oppor-
tunities of bringing to bear on water problems research competencies of academic
institutions as well as qualified individuals, public agencies and private and
non-academic organizations not previously participating in the program.

Inasmuch as research priorities suggested for Title II research projects
often involved systems analysis and focused, to a large extent, on planning
methodologies, the percentages of research investigators have tended to be higher
in the areas of engineering, economics, and mathematics than for the wider spread
of disciplines represented among Title I project investigators. Also, students
employed as research assistants were fewer in number, particularly for the non-
academic firms receiving grants or contracts. A tally made of 32 academic
institutions conducting Title II research projects showed that 31 of them em-
ployed one or more student assistants, whereas 19 of 25 non-academic organiza-
tions with Title II projects employed no students.

Of 215 professional investigators assigned to 57 Title II projects, 118 were
engineers, 24 were economists, and 15 were mathematicians, statisticians or com-
peter specialists. Assisting these professional investigators were 114 students,
nearly 39 percent of whom had their master's degree and 41 percent their bachelor's
degree. 'The level of formal, academic training for Title II professional investi-
gators was lnwer than that of Title I investigators. Among the principal investi-
gators of 23 Title II projects conducted by non-academic organizaticns, were 5
with the bachelor's degree, 11 with master's, and 7 with doctoral degrees.
Seventeen of the 23 were engineers. These private research organizations, however,
have a wealth of experience in space, defense and other types of investigations,
and specialists in many areas who can apply their knowledge and techniques to
complex water problems.

As an example, Booz, Allen and Hamilton, Inc., in project C-1370, is making
an analysis of managerial, financial, and regulatory functions of regional water
resources authorities and other institutional arrangements. Heading up this study
is a doctor of engineering with a background in physics, mathematics and operations
research. Assisting him as professional associates ere four individuals with
master's degrees in the following fields: mechanical and electrical engineering,
urban And regional development, business management, and economic analysis; and
a fifth associate with a B.A. degree in psychology. Universities also have a
competent manpower pool from which to draw for similar research and can utilize
student essistants advantageously. Project C-1228 on institutional design for
water quality management conducted by the University of Wisconsin may be cited as
an example.

This case study of the Wisconsin River Basin is being headed by a professor
of urban and regional planning who has an A.M. degree in political science.
Assisting him as professional associates are: a Ph.D. in industrial engineering,
a Ph.D. in political science and economics who serves as Assistant Professor in
Urban and Regional Planning, and an individual working on his M.S. in mechanical
engineering.

Student assistants on this project include: (1) a student with an M.S.
degree in sanitary engineering and water resources management, currently working
on his Ph.D. degree in urban and regional planning; (2) a student with a B.S.
degree in mathematics and a M.S. in industrial engineering; (3) a student with a
M.S. degree in forestry who is enrolled in a Ph.D. program in forestry; (4) a
student currently enrolled in industrial engineering for his Ph.D.; (5) a B.S.
student enrolled in industrial engineering; (6) a student with degrees in elec-
trical engineering and statistics who is currently working on his Ph.D. in
statistics; (7) a B.S. degree student enrolled in the Law School; and (8) a civil
engineer with a B.S. degree.
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Dr. E. Stanley Lee of Kansas State University and principal investigator of
C-1032 dealing with modeling and optimization of water resources systems, stated
that as a by-product of this research, five graduate students had been trained
for optimization and systems study of water resources.

In addition to three graduate and one post-doctoral student assisting with
project C-1034, "Stochastic Models for Water Resources Management," the prin-
cipal investigator, D. P. Loucks of Cornell, stated that 26 graduate students
successfully completed an advanced course and seminar on stochastic modeling and
participated in discussions on results obtained from research undertaken in this
project. Seminars were presented to graduate students and faculty at the
University of Florida, University of Rhode Island, and Columbia University in
addition to Cornell and Harvard. Universities.

Two students assisting with project C-1401 by the University of Maryland's
Natural Resources Institute - Chesapeake Biological Laboratory, used equipment
and limited expendable supplies from the OWRR contract in carrying out work on
phytoplankton-nutrient relationships. In this case, the students had NSF-URP
(Undergraduate Research Participation) support, but used OWRR equipment. The
principal investigator reported this to be an effective means of training students
and obtaining valuable research data.

Dr. Frank D. Meech, University of Texas at Austin, principal investigator of
project C-1158 dealing with horizontal dispersion in shallow estuaries of irregular
shape, commented that the training of student assistants on this project was further
enhanced by their occasion to prepare and present papers and to participate in the
planning and conduct of, and data reduction from, tests performed on a physical
hydraulic model at the U.S. Corps of Engineers Waterways Experiment Station.

Research findings from C-1282, "Computer Analysis of Watershed Characteristics
Affecting Flood Hydrology," a study conducted by the University of Kentucky
Research Foundation, contributed to the teaching of a course in advance hydrology
by the principal investigator.

Professional investigators and student assistants engaged in Title II research
are shown by scientific discipline and highest degree held in Table 3. A comparison
with investigators on Title I projects can be made by referring to Tables 1 and 2.
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Table 3

SCIENTIFIC DISCIPLINES OF INVESTIGATORS OF
TITLE II PROJECTS 1968-69

Disciplines of Professional

Investigators and Student

Assistants

No.of Professional No.of Student
Investigators Assistants
by Degree by Degree
O m
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Aerodynamics 2

Agriculture 2

Agronomy 1.

Architecture 1

Behavioral Science 1 1

Biology 1 1 1 3

Business (Admin.) 4

Chemistry 1 1

Ecology 1 3 1 1

Economics 1 6 17 3 3 1

Engineering (Unidentified) 1 3 4 6 2 1 3

Agriculture 1 1

Chemical 2 1 7 2

Civil 6 12 18 5 11 12

Electrical 3 1

Environmental 2 2 1

Fluid Mechanics 4

Geological 1

Hydraulics 7 1 1

Hydrodynamics 3

Hydrology 1 2

Industrial 2 2 3

Mechanical 3 3 1 5

Sanitary 1 6 6 4

Water Resources Systems 2 6 1 1

Forestry 1

Geography 1

Geology 1 2 5 1 1

Industrial Management 3

Information Science 1

Law 1 1

Liberal Arts 1

Marketing & Transportation 1

Math (Stat. & Computer Sci.) 1 2 1 6 1 3 1
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Table 3 (Cont.)

Disciplines of Professional No.of Professional No.of Student
Investigators Assistants

Investigators and Student b Degree by Degree

Assistants

Meteorology
Natural Resources

1

1 1

Oceanography 1 5 1

Operations Research 3

Physics 1 2 1

Planning (City & Regional) 1 1 5

Political Science 2 4

Psychology 1 2 1

Public Administration 1 1 4

Socio-Government 1

Sociology 4 2 1 1 1

Soils 3

Statistics 2 3 1 2

Water Resources 1

Total 3 31 68 113 22 47 44 1
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Attraction of Professional Investigators to the Water Field

Seventy-one trained professional investigators from 28 scientific and engi-
neering disciplines who, heretofore, had not been in the water field, were
influenced to engage in water resources research or training in the past year.
Much of the credit for this goes to the State institute directors, who see the
need to bring the technical competence of investigators from any disciplines to
bear on complex and interrelated water problems. These new recruits included
14 engineers of various types; 8 cftemists; 8 economists; 6 biologists; 4 statis-
ticians; 3 each of foresters, geographers, lawyers, and sociologists; 2 mathe-
maticians and 2 physicists; And one each of the following: animal scientist,
anthropologist, landscape architect, artist, business administrator, agricultural
education specialist, environmental scientist, geologist, horticulturalist,
expert in industrial administration, marketing specialist, physiologist, regional
planner, recreation specialist, and soils professor.

A newly appointed art instructor at the University of Massachusetts, as a
result of an OWRR project, has begun a study of attitudes in "inner city"
children toward brooks and wetlands as revealed in their drawings and paintings.

An investigator of an Idaho project, who formerly was concerned with farm
resources research, is now engaged full-time on water resources research.

Wo mathematicians at Clemson University are now working for the first time
on a water problem -- development of stochastic models for reservoirs.

A nuclear engineer at North Carolina State University is bringing his
expertise in neutron activation analysis to bear on water quality problems.

These examples may suffice to show how people already trained in some
scientific discipline, but inexperienced in the water resources field, may be
encouraged to help solve water problems, sometimes in conjunction with other
specialists on an interdisciplinary or a multidisciplinary basis.

University Response to Need for Improved Training and Research Capability

New Research and Training Facilities

Expansion and improvement of research and training facilities by universities
is an important contribution to water resources research and education.
P.L. 88-379 funds, in accordance with the Rules and Regulations of the Act are not
used to pay the cost of permanent buildings, but they are used for research equip-
ment and supplies needed for approved projects. Universities and the respective
States, with assistance from some Federal agencies such as the U.S. Public Health
Service, the National Science Foundation and National institutes of Health, have
taken the leadership In building needed new laboratories, greenhouses, flumes,
simulated streams, and other facilities for water research and training.

fluting the past year (1968.69) 39 institutions in 32 States reported con-
struction of, or major addition to, 15 nev buildings, completion of some 25 new
laboratories, and aequisition or construction of 26 or note other cajor facilities.
The latter included a mobile laboratory, experimental streams, and installation of
a telemetry system for connecting field experimental areas with laboratories on
carpus, thus permitting measurement of variables to rainfall, temperatnre, stream-
flow and other factors.
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The Universities have responded to the need for improved water
resources research and training by adding new faculty members,
introducing new courses, and acquiring or constructing new
facilities.

Sediment, pesticides and plant nutri-
ents are water pollutants from
agriculture and of concern for water
quality in the mid-continent area
These runoff and erosion plots are
near Mc Creche, Missouri Photo, touristy
timber+ Water Reseeltes Research Center

Research platform used for studies on bear
Lake, UtahIdaho The "A" frame and winch
in the center permit hoisting of large and

hear) cbiects
Photo by Utah Center for Water Resoercet Pittard
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The kit Jones a 6S foot diesel research vessel, is
fitted out as a sea going laboratory Its retterch
equipment includes a tubmersibte pimp *bleb relays
water samples to instrumentation on board that tan
measure and record tempetalote. pH. Salinity,
turbidity, omen, etc (8 03500.1
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r
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The network of esperimental ponds and the adjacent lisheries laboratories at Cornell University
enable scientists to pursue valuable research on biological aspects of water resources. Projects
8.011NY and A013NY. Pea to. Courtesy Kew Tort Slate Co Itege of Airqulture et Corneil Wm' Say

MIM15111.1MILINII

Rainfall simulator and instrumented flow table
designed to study overland flow on very rough
surfaces. Project 110031N0. Principal
Investigator 1. f. Matins on the left.

14 Mobile lake Study laboratory used in the research
project A016-MINN. "Primary productivity of

° selected Minnesota lakes"
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New Courses Developed

To keep up with changing times and problems, utilize new techniques and
facilities, and provide effective training, universities continue to develop and
offer new water-related courses. Although development of such courses is not
funded by OWRR, some of them are outgrowths of P.L. 88-379-supported research and
many have been encouraged by State water resources research institute directors.

During the 1968-69 year, 286 new courses were reported by 61 universities
participating in the PL. 88-379 program. This brings to 1304 the number of new
water-related courses reported in the five years since this cooperative Federal-
State program was started. Development of these courses has been a major contri-
bution to improved training in the water resources field.

Courses in engineering, including many concerned with systems analysis and
environmental problems, again ranked first in number, followed by courses of a
biologic nature, geology, atmospheric sciences, ecology, and oceanography. Grow-

ing recognition of urban, environmental, and planning problems is reflected in
course titles.

The 286 courses developed or offered for the first time is 1968-69 have been
grouped in Table 4 into 27 broad categories for comparative purposes.

Most o1 the Slate Water tr stituto schools are members of the Universities Council Oh Water Ite
source% IUCOWRI. Senator Frank E. Moss. Utah is shown here addressing a dinair meeting of
UCOWR, Cotembia, 011010.n. E111 10 tight: Or. R. E. Peck. Vice President. Research and Graduate
Studies. University of Missouri; Dr. Warren Hail. Chairmen of EleChlive Beard-UCOWA, University
of Calforms. Ritrsidt; Senator Mom Dr. Carl Rindsvater. Member. tvecutive Boerd, UCOWIt,
Georgia Tech , Atlanta; and Dr. A. 0. Unklesbey. Wing PreSiden1, University of Missouri.
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Table 4

NEW WATER-RELATED COURSES DEVELOPED IN 1968-69

Broad Category and Nature of Courses Developed:
No. of
Courses

Agronomy --

Atmospheric Sciences --

Biology
Botany
Chemistry
Conservation --

Earth Science --

Ecology-Environmental--
Economics --

Engineering

00Forestry
Geography

00Geology
00Hydrology

Law
OMLimnology
00Oceanography
00Physics
MOPlanning
00Political Science

Public
Administration SO

Sociology
Soil Science
Statistics
Water Resources

Science
Watershed

Management
Zoology

Meteorology, climatology,
glaciology
Aquatic, micro, radiation
Algology, plankton taxonomy, etc.
Bio, geo, organic, hydro
Natural resources, information
Geochronology
Community, open space, human
Agricultural, water, environmental
Civil, sanitary, environmental,
agricultural, etc.
Water use, remote sensing, etc.
Urban studies, human
Hydro, geomorphology, sedimentation
Geohydrology, etc.
Natural resources, water

Theoretical, geophysics
Resources, State, Budgeting Process
Local government, urban

Wafer

Fish and wildlife, entomology,
wetlands, etc.

5

19

14

8

9

7

2

15

3

101

9

2

24

10

3

6

11

4

4

2

1

1

2

1

4

2

17

No. of Broad Categories Represented, 27; No. of Courses, 286
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New Staff Members for Research and Training

Since 1965, over 1300 new staff members have been reported employed by uni-
versities participating in Title I research programs in positions where they can
contribute to water resources research and training.

Over the past four years four out of every five new staff members employed
have gone into new positions. This is indicative of rapid expansion in the water
resources field. For Fiscal Year 1969, forty-six of the State Institute uni-
versities and 12 other participating universities reported employing 238 new staff
members for new positions and 72 people to replace employees who had retired,
moved, or died. Thirty-nine (12.6%) of the new employees were supported, in part,
by P.L. 88-379 funds. As in past years, most of the new employees held doctoral
degrees -- the breakdown in 1969 being 76.4% doctoral, 16.8% masters and 6.8%
other degrees, largely bachelors.

New staff members reported employed in the past four years are listed by
discipline in Table 5.
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P.L. 88-379 Contributions to Student Training

Financial Support

Preceding sections of this report have indicated that in Fiscal Year 1969,
1862 students were employed as research assistants on Title I projects and 114
served as assistants on Title II projects, making a total of 1976 receiving
financial support from the P.L. 88-379 program. OWRR funds are not paid directly

to students as training stipends. Availability of funds through the respective
projects for research assistance however, enables students to gain valuable paid
experience while enrolled at a university. Other Federal and State agencies,
and, sometimes private industry, often contribute to these or related projects,
and their support is ar:knowledged with thanks and appreciation.

Use of Program Supplies and Equipment

Student benefits through the P.L. 88-379 program are not limited to the
support of and use of program equipment by students assisting with discrete OWRR

projects. Many other students benefit as a result of equipment used for demon-
strating various techniques and in other teaching activities. This is true,
particularly, of visual aid equipment, books, desk calculators, and the like,
acquired in connection with the P.L. 88-379 program.

In 1968-69, the 51 State institute directors estimated that at their
respective universities, and at 27 other participating universities, nearly 4300
students in water-related work made use of such supplies and equipment. Of

4272 students reported in this connection, 2382 were undergraduates, 1159 were
candidates for a master's degree, 688 were doctoral candidates, and 43 were post-
doctoral students. This indicated use of equipment is another significant
contribution of the 2.L. 88-379 program to the Nation's academic capabilities for
water resources research and training.

Seed Money Effects

A dramatic example of the "seed money" effect in generating needed research
took piece in North Carolina. To quote from a letter from Director Howells,

"One of my early efforts was to encourage a research program
dealing with the more efficient use of water by industry and the
in-plant control of wastes. In working with food processing
industries the problem was one of getting together a group, finding
someone to provide the leadership, and providing the initial financial
support during the project development stage. Dr. Crosswhite assumed
this responsibility on behalf of the food processing area and we were
then ready to move ahead if the necessary seed money could be found.
North Carolina State University provided an initial $6400 and an
additional $2500 in Federal funds was provided from the FY 1969 annual
allotment.

"Because of its importance to water pollution control, the poultry
processing industry was selected for the initial effort. Industrial
resistance was high and a prolonged period of plant visits and consul-
tation with industry executives was involved. This finally developed
into a full-fledged demonstration project, however, which was funded by
FWPCA this year. The total cost is $283,381 with a Federal grant of
$198,366.
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"In terms of research generated, the initial annual allotment
grant of $2500 can be related to the total level of activity of
$292,281 ($283,381 + $6400 + $2500) for a return of $117 for each
dollar of annual allotment seed money. There is no question in my
mind that this work would not have proceeded in the absence of the
initial university and OWRR funding. There was simply too much
preparatory work to be done. Now that the work is underway, it is
expected to continue and extend into other areas of the food process-
ing industry."

Another example of the seed money or spin-off effects of al allotment project's
resulting in greatly increased financial support from other sources is described
in Part IV of this report by Montana Center Director, Helmer C. Holje.

Student Enrollment Reported in Water-Related Fields

Directors of the 51 State water resources research institutes have, for the
past five years, been requested to provide the best information they can on
numbers of students enrolled in water-related curricula in universities partici-
pating in the P.L. 88 -319 program. Information has been requested, also, on what
happens to students following graduation. Such information is not readily avail-
able, nor is it strictly comparable from year to year. Interpretation as to what
constitutes a water resources student differs with individuals and at different
institutions. The number of institutions reporting such information has ve.led,
as has coverage within the institutions' various departments. Hence, the
information reported here should be regarded as approximate and interpreted with
these reservations in mind.

It would appear, however, that there was a marked increase in numbers of water
resources-related students from the 1964.65 to the 1966-67 school years, reported
enrollment for those years being 8,958 and 15,117, respectively; then there was a
leveling off, or perhaps a decline in total numbers.

For the school year ending June 1968, seventy-six institutions reported an
enrollment of 14,406. For the 1968-69 school year, 66 institutions reported
9090 students; however, only 58 of these universities reported Juniors and 63,
Seniors. Of the 9090 students, 5739 were undergraduates, 1888 were master's
degree candidates, 1139 were doctoral degree candidates, and 24 were post-doctoral
students.

Graduates and What Happens to Them

Number Reported Graduating

The State institute directors, with the cooperation of participating uni-
versities, reported the graduation of 4978 students -- 2922 with bachelors'
degrees, 1581 with masters' degrees, and 475 with doctoral degrees. Over 13
percent of the graduates had received P.L. 88.379 support as research assist-
ants 8.1 percent of the bachelors, 19.0 percent of the masters, and 26.8
percent of the doctoral graduates reported.

Status of Graduates

Status of the graduates, insofar as was known at the end of the 1968.69
school year, is shown in Tables 6, 7, and 8. Of 4978 graduates reported, the
whereabouts of 1677 (13.774 were not known. This was particularly true of the
bachelors' degree graduates (41.8X), whereas the statue of only about one-quarter
(25.51 of the masters' graduates and 11.4 percent of the doctoral degree re-
cipients was unaccounted for by the State directors. Another 7.4 percent or 366
of the graduates were reported as having received non water-related positions or
were unemployed. Presumably, some of these two groups have obtained water-related
positions subsequent to July 1. 1969.
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Of the remaining 59 percent (2935) 47.4 percent obtained water-related
positions (35.6% of the bachelors, 48.67. of the masters and 89.8% of the doctoral
graduates); 28.9 percent returned to school (32.5% of the bachelors, 31.7% of
the masters, and apparently 32 or 8.2 percent of the doctoral graduates obtained
post-doctoral assignments), and 23.6 percent went into the military service
(31.9% of the bachelors, 19.9% of the masters, and 2.0% of the doctoral degree
graduates).

Over the past four years there appears to have been a decrease in the per-
centage of graduates who obtained positions with Federal agencies and private
organizations and an increase in those employed by colleges and universities.
The percentage finding employment wi.h State agencies has remained about the same
(20% to 21 %). Doctoral degree graduates in particular are going into university
positions (about 63% of those obtaining water-related positions) where the
majority of them (over 70%) divide their time between research and teaching. In

contrast, only 5.7 percent of the bachelor degree graduates obtaining full-time
water-related positions find employment in universities. This excludes those
taking course work who may have fellowships, assistantships, or scholarships.
Employment opportunities for both bachelor and master degree graduates appear to
be greatest in operations and management-type positions.

Some students who formerly served as research assistants on approved OWRR
projects may find employment as professional investigators in their own right a
year or so after graduating. No complete record of this is available, but in
their 1969 annual reports, 15 State institute directors reported a like number
of instances in which former student assistants were now functioning as pro-
fessional investigators on P.L. 88-379 projects. At least six of these individuals
were in States other than that in which they received their training. Trained
manpower, like research results, is an important product of this cooperat,e
PrOWA.
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Table 6

STATUS OF 1968-69 SCHOOL-YEAR GRADUATES

Type

of

Degree

Held

by

Gradu-

ate

No. Employed in Water-
Related Positions in:
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Total

bi.thelors' 164 141 30 191 481 472 223 1220 2922

Masters' 142 115 93 165 338 212 113 403 1581

Doctoral 55 21 220 55 32 8 30 54 475

Total 361 277 343 411 851 692 366 1677 4978

Table 7

TYPES OF WATER-RELATED POSITIONS HELD 8Y 1968.69 GRADUATES

Type

of

Degree

Held

by

Grads:

ate

o. of Graduates Engaged in Water-Related Work in
11e es or niversities Other Or antsatIons etc.

sE

f,

t4

4

I
ita
t:

Total

Bachelors' 4 30 3 106 225 87 71 526

Masters' 39 3/ 36 113 161 78 51 515

Doctoral 32 35 160 71 24 22 7 351

Total 75 102 199 290 410 187 129 1392
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Table 8

STATUS OF GRADUATES AS REPORTED AT THE END OF THE SCHOOL
YEARS 1965-66 to 1968-69, RESPECTIVELY 1/

Status (Reported in percentages) 1965-66 1966-67 1967-68 1968-6

What Happened to Graduates Whose
Whereabouts Were Known 1/
Water-related positions 49.3 50.3 49.0 47.4
Returned to school 33.2 30.0 26.7 29.0
Military Service 17.5 19.7 24.3 23.6

Types of Water-Related Agencies in
Which Graduates Were Employed:

Private agency, etc. 33.7 31.0 32.2 29.5
Federal 28.9 29.4 26.5 25.9
State 20.8 21.0 20.2 20.0
College and University 16.6 18.6 21.0 24.6

1/ Excluded from this table are those graduates whose status was
not known or who were unemployed or working in other fields.

9

Robin Knox, graduate student, Project A020100, is working on a thesis problem on
the effect of heat on the growth of fishes. Robin is typical of many graduate students
who now face military obligations and are uncertain about completing their graduate
program.
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Public Involvements at the State Institute and University Level

There is an increasing awareness on the part of State institute directors and
other university staff members for improved means of transferring research results
and technology to action agencies -- to decision-makers, planners, managers and
others who need the information. This awareness was reflected in the recent
resolution of the Universities Council on Water Resources (UCOWR) to this end;
it it also shown by the many State water commissions, councils, committees and
other groups in which institute directors and other university personnel are
represented and exercise leadership. Many examples of such public involvement
as well as contributions to academia are given in the abbreviated statements of
the respective State institute directors in Part IV of this report.

An example or two here may suffice to illustrate approaches being taken to
transfer research results or technology to the user in such a way that the re-
search product can be more effectively used.

Thirty-seven North Carolina communities have requested flood information
studies from the Corps of Engineers, U. S. Geological Survey or T.V.A.; ye', very
little community action has materialized following completion of the studies.
The North Carolina Institute sponsored a workshop involving planners, local
officials, university faculty, and State and Federal officials on June 6, 1969, to
explore problems associated with utilization of Flood Plain Information Reports
and implementation of flood plain management plans. Additional steps which might
be taken by action agencies and/or research needs ware identified.

There is concern that present drainage practices in the Coastal Plain of
North Carolina may cause deterioration of one and one-half million acres of organic

and interference with fish and wildlife habitat and ground water recharge.
Development of ir4ust.-ializeo farms out of wetland areas increases the dimensions
and conflicts in water U61. Other agricultural water-use problems in the State
include pollution from agricultural chemicals and animal wastes. All of these
were discussed at a Workshop oo Agricultural and Water Use sponsored by the 'State
Institute on March 14, 1969, involving farmers, county extension chairmen, and
water resources research and management personnel. Research on fertilizer loss to
surface and ground waters, design of a pesticide monitoring system, and criteria
for drainage and irrigation is being sponsored by the Institute (A-031-NC, A-021-NC,
and A-033-NC).

To better inform the interested public as well as people directly involved in
the water resources field, several of the State institutes -- Alaska, Colorado,
Maine and Nebraska -- have, in the past year, started issuing water resources
newsletters. Other States, such as Minnesota, North Carolina, and Puerto Rico,
have found these newsletters an effective means for disseminating timely infor-

mation.

Regional Coordination

State institutes, also, are giving increased attention to water problems on a
regional basis with a view to improved coordination of research and action programs.
Activities of some of these region.11 groups are discussed here.

In the Midwest there is much concern about agriculture's involvement in
polluted and clean water. The Midwest State institute directors at a meeting
mentioned in last year's Annual Report, reorganized and formed an expanded
institution known as the Mid-Continent State Hater Resources Research

Organizations. At that meeting tha decision was made to hold "A Conference

Concerning the Role of Agriculture in Clean Water." This Conference, sponsored by
the Mid-Continent group, the Iowa State University and the Federal Water Pollution

Control Administration was scheduled to be held at Ames, Iowa, November 18-20, 1969.

Funding,in part, will be by the Iowa Community Services under Title I of the
Higher Education Act of 1965.
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Attending this meeting will be many of the Nation's outstanding authorities
to present papers on and discuss sediments, plant nutrients, pescicides and animal
wastes as water pollutants. Proceedings will be published and are expected to
provide authoritative information on this important problem area for several years.

The 11 Western States have had an active regional organization for several
years. On August 25-27, 1969, this group, in cooperation with the Western States
Water Council, held the Third Western Interstate Water Conference at Colorado
State University. Again, nationally recognized authorities on the program dis-
cussed water problems of mutual concern in this region.

Recognizing the need for regional cooperation, the New England Council of
Water Center Directors was organized on a formal basis in May, 1966. The general
purpose of the Council is to identify and share work on water resources research
needs of common interest.

Meetings are held in Boston, Massachusetts, about every four to six weeks and,
by invitation during the past year and a half, have frequently i ;eluded Mr.
R. Frank Gregg, Chairman of the New England River Basins Commission and W.
Chapman Stockford, Executive Director of the New England Governors' Conference.
These men have been helpful in planning regional research projects and conferences.
A conference on water resources planning was held on May 16-17, 19G8 and one on
ecology and planning was scheduled for the fall of 1969.

The Council has submitted for possible OWRR support, in the Fiscal Year 1971
Title II program, a proposal entitled, "The Feasibility of Employing a Coordinator
to Optimize Multi-University Regional Water Resources Research." .

In October of 1968, the Council was officially recognized by the New England
Governors' Conference which issued a charter in which it recognized the Council as
an organization responsible for formulation and coordination of regional activities
relating to its area of specialization. The New England Governors' Conference
looks to the Council for advice in identifying specific areas within which the
six individual States can:

(a) Exchange views and experience on subjects of
general importance to the people of the New
England States;

(b) Foster interstate cooperation and regional
development;

(c) Attain greater efficiency in State administration;
and

(d) Facilitate and improve State-Local and State-Federel
relationships.

The Charter is signed by the Governors of the six New England States.

The Northeast Association of Water Resources Research Institute Directors
has as its members, OWRR institute directors from the six New England States
plus New York, New Jersey, Pennsylvania, Maryland, Delaware, Virginia, West
Virginia, and Ohio. The main objective of this group has been to make the center
or institute directors the best informed individuals on their respective campuses
for water resources needs, planning, and management efforts, and for sources of
funding for research.

One-day meetings have been held twice yearly with speakers primarily from
funding agencies, but, also, from groups such as the New England River Basins
Commission in which summaries of their respective programs have been presented,
followed by discussion of implications or opportunities for the research centers
and vice versa.
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The Southeastern institute directors are less formally organized, but in-

dividuals do get together to discuss problems of mutual interest.

Publications, Reports and Theses (See Appendix Q)

Publications based on P.L. 88-379-supported projects, or related to work of

State water resources research institutes, contribute significantly to the

literature in water and related fields. They range from brief leaflets or

brochures to books or book-length bulletins, each type fulfilling a need in dis-

semination of information.

During the year 1968-69, the Title I program produced 574 publications, 370

of them based upon specific annual allotment projects supported, at least in

part, by P.L. 88-379 funds; and 157 on matching grant (Section 101) projects.

The additional 47 publications were mostly funded with annual allotment moneys

but consisted of proceedings of conferences or symposia, the overall institute

program, research needs and other program-related matters rather than specific

projects.

Emanating frc.a the Title I program, also, were 225 theses and dissertations

based on specific projects -- 151 annual allotment and 74 matching grant. Of

these unpublished theses, 173 were masters' theses and 52 were doctoral. These
.

are available on interlibrary loan from the respective universities.

Twenty-six Title II projects produced 52 publications, an average of two

publications per project, in the past year. In addition, three of the Title II

projects resulted in 5 theses -- 1 doctoral, 2 masters and 2 listed as B.S.

Honors theses.

A majority of the articles are published in a wide variety of technical and

scientific journals. Other outlets are proceedings of conferences and symposia,
book publishers, and special publication series of State institutes or university

departments. Several of the private research organizations publish their find-

ings independently in sufficient number to satisfy OWRR requirements.

As will be discussed in Part III of this report, the Water Resources

Scientific Information Center (WRSIC), managed by OWRR, generated a number of

publications in the past year, including the periodic Selected Water Resources

Abstracts and a fourth volume of the Water Resources Research Catalog. All of

the several publications issved by WRSIC are designed to disseminate water

resources information and reduce undesirable replication of research. In total,

11 documents or serial publications were produced by OWRR-WRSIC as an organi-

zation and 8 water-related papers were published by individual staff members in

CWRR-WRSIC.

Thus, a total of 644 publications or theses was produced by the P.L. 88-379

program in the past year. These are listed in Appendix Q.

A technical completion or termination report is required for each research

project supported with P.L. 88-379 funds. A completion report is filed for each

project regardless of the number of publications emanating from a project. In

Fiscal Year 1969, completion reports on 190 annual allotment projects, 40 match-

ing grant projects and 13 Title II projects were received by OWRR.

In some cases, the completion report represents the primary documentation of

research accomplished. In order to assure public availability of these com-
pletion reports, which may not be published formally, OWRR forwards copies to the

Clearing House for Federal Scientific and Technical Information ( CFSTI),

Springfield, Virginia 22151. CFSTI serves as a central depository for OWRR-

supported technical reports from which requirements subsequent to the initial

distribution of these reports can be met. OWRR-WRSIC will issue quarterly lists

of OWRR-sponsored reports.
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For publications and reports whose availability has not been described in
the preceding paragraphs, readers can write directly to the author or to the
director of the appropriate State water resources research institute. Addresses
of these institutes are given in Appendix S.

In addition to the publications and theses listed in Appendix Q, progress on,
and research results from, many projects were presented at various public and
scientific meetings during the year.

. .
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Television and radio are effective media for bringing popular research results to the public. Director
Smith (right) of Missouri discusses water pollution with Paul Bernard of KMOXTV in St. Louis.
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OWRR in the Department of the Interior administers the PL 88.379
programs at the Federal level with less than 40 employees.

Assistant Secretary of Interior, Water Quality
and Research, Carl L. Klein (right) E. D.

Eaton, Associate Director, OWRR (center), and
William S. Butcher, Executive Secretary,
Universities Council on Water Resources (left)
enroute to Soo.th Tahoe Water Reclamation
Plant inspection, June 30, 1969. Photo by 1 L

Despard, Reno, Nevada

Assistant Secretary Klein addressing the
Universities Council on Water Resources,
University of Nevada, June 30, 1969. Photo by
1. S Despard, Reno, Nevada

Aw111011.111111
-41

11

Arthur Witt, Jr. rear) and George E. Smith, Director Missouri Water Resources Research
Center (left) explain to OWRR staff membsr Daniel L.Leedy (right) research being done
on effects of heated water discharge from a thermal power plant on a Missouri
reservoir. Photo by Robert S. Campbell
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PART III

OWRR ACTIVITIES

OWRR ENGAGED IN A NUMBER OF ACTIVITIES IN ADDITION TO ADMINISTRATION OF THE
RESEARCH AND TRAINING PROGRAMS. THE FOURTH ANNUAL RESEARCH CONFERENCE WAS HELD;
WRSIC EXPANDED THE INFORMATION BASE IN MACHINABLE FORM, IMPROVED USER SERVICES
THROUGH SELECTED WATER RESOURCES ABSTRACTS, INDEXES, AND A LIMITED SELECTIVE DIS-
SEMINATION INFORMATION SERVICE, PUBLISHED VOLUME 4 OF THE WATER RESOURCES RESEARCH
CATALOG, AND ESTABLISHED 3 ADDITIONAL LITERATURE CENTERS OF COMPETENCE FOR A TOTAL
OF 10; OWRR TOOK STEPS TO RESPOND TO THE RECOMMENDATIONS OF THE 1968 ADVISORY PANEL,
TO DEVELOP PLANS FOR IMPROVED DISSEMINATION OF RESULTS FROM WATER RESOURCES
RESEARCH, AND TO INTENSIFY A TOP-PRIORITY PROGRAM OF RESEARCH ON URBAN WATER
RESOURCES. THIRTY -SIX TITLE II PROJECTS WERE SELECTED FOR SUPPORT IN FY 1970 WITH
EMPHASIS ON METROPOLITAN WATER PROBLEMS AND SYSTEMS ANALYSIS IN WATER PLANNING AND
MANAGEMENT. CONSULTANTS WERE ENGAGED TO PROVIDE STATE-OF-THE-ART REPORTS IN TWO
SUBJECT AREAS -- ECOLOGICAL CONSIDERATIONS IN WATER RESOURCES MANAGEMENT, AND A
GENERAL ASSESSMENT OF SYSTEMS ENGINEERING AS APPLIED TO WATER RESOURCES. SEMINARS
WERE HELD ON SYSTEMS SIMULATION, ANALYTICAL SYSTEMS FOR NATIONAL WATER ASSESSMENTS,
DISPERSION OF WATER POLLUTANTS, PHYSICAL AND MATHEMATICAL MODELS OF ESTUARIES,
ANALYSIS OF SMALL WATERSHED RESPONSES, AND SOIL WATER MOVEMENT. A SYSTEMS APPROACH
TO GREAT LAKES RESEARCH WAS INITIATED WITH SUPPORT OF STUDIES AT OHIO STATE, UNI-
VERSITY 01. MICHIGAN, MICHIGAN STATE AND THE UNIVERSITY OF ILLINOIS. THE OWRR STAFF
PARTICIPATED IN MANY INTRA- AND INTER-DEPARTMENTAL COMMITTEES CONCERNED WITH WATER
RESOURCES PLANNING, RESEARCH AND MANAGEMENT. FUNDS APPROPRIATED FOR THE FY 1969
PROGRAM WERE $5,100,000 FOR ANNUAL ALLOTMENTS, $3,000,000 FOR MATCHING GRANTS, AND
$2,000,000 FOR TITLE II. NON-FEDERAL COST PARTICIPATION WAS (3vE R, MIL-100

PART III

OWRR ACTIVITIES

Introduction

The Office of Water Resources Research enLages in a variety of activities in
administering the program authorized by the Water Resources Research Act of 1964.
The main focus of these activities involves research programs established under
Titles I and II of the Act which require a continuing cycle of proposal reviews,
evaluation, selection, funding, inspection, monitoring, report reviews, accounting,
and auditing.

In addition, a number of other activities are undertaken to facilitate com-
munication and coordination, to sharpen the focus on research gaps and to elevate
understanding of water resources problems and their potential solutions. Among
these activities are: the annual research conference; special seminars and meetings;
the Water Resources Scientific Information Center (WRSIC); OWRR's response to
recommendations of the Special Advisory Panel; staff participation in affairs of
committees concerned with water and related resources; employment of consultants
to prepare state-of-the-art reports; and continuing development of the new, top-
priority national program of research on urban water resources.

Fourth Annual Water Resources Research Conference

Each year OWRR sponsors a water resources research conference in Washington,
D. C. to bring together Institute directors, representatives from other universi-
ties, organizations and agencies conducting research supported by OWRR, and guest
experts in various fields of water resources.

The Fourth Annual Conference was held in Washington, D. C. on January 28 and
29, 1969. It was attended by two hundred and thirty representatives of
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universities, private research organizations, industry, and Federal agencies having
an interest in the cooperative research program established under P.L. 88-379, as
amended, and administered by OWRR. The conference focused primarily on updating
the 10-year water resources research program and the transfer of research results.
In addition to prepared papers relating to the main conference themes, papers were
also presented on multidisciplinary research and on the panel report of the Office
of Science and Technology on policy and institutions in water resources research.
These presentations were followed by general discussion led by discussion panels.

At an evening meeting The Honorable Howard W. Robison, Representative from
New York, gave a talk on prospects of additional legislation dealing with water
resources research and was followed by a report by Dr. Dean F. Peterson on the
status of the Water for Peace Program. The final afternoon session consisted of
a report on activities of the Water Resources Scientific Information Center and
brief reports by representatives of the six geographical regions on regional re-
search activities followed by general discussion and adjournment.

Water Resources Scientific Information Center

Introduction

The purpose of the Center is to insure prompt flow of information concerning
water research and related accomplishments to the Federal water-resources community
including officials engaged in research, management, and development programs; and,
thereby, to promote improved communication, dissemination of knowledge, and avoid-
ance of undesirable duplication of research effort.

During the second year of operation, WRSIC concentrated its efforts upon the
following specific objectives:

(a) Expansion of the information base in machinable form;

(b) Improvement of user services derived from the information base such as
Selected Water Resources Abstracts, its indexes, and a limited SDI service, i.e.,
a service providing for selective dissemination of information according to the
interest of the recipient.

(c) Support of other user services not derived from the information base,
such as the Water Resources Research Catalog.

The policy of the Center continues to be implementation of these objectives by
coordinating, supplementing, and avoiding duplication of information services,
which are supporting water-resources research, engineering, and management needs.

Centers of Competence

The eight literature centers of competence established during 1968, and de-
scribed in the annual report of 1968, were continued during 1969. These centers
include, by subject area, and performing organization:

(a) Ground and surface water hydrology -- Water Resources rivision, U.S.
Geological Survey.

(b) Hydraulic structures, soils, rock mechanics, and engineering materials- -
Office of Engineering Reference, U.S. Bureau of Reclamat:on.

(c) Metropolitan water resources management -- Center for Urban Studies,
University of Chicago.

(d) Water law in the Eastern United States -- College of Law, University of
Florida.
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(e) Policy models for water resources systems -- Department of Water Resources
Engineering, Cornell University.

(f) Water Resources economics -- Water Resources Research Institute, Rutgers,
the State University of New Jersey.

(g) Eutrophication -- Scientific Information Program in Eutrophication,
Water Resources Center, University of Wisconsin.

(h) Water resources in arid lands Office of Arid Land Studies, University
of Arizona.

In addition, with support of the FWPCA, the WRSIC has established two addi-
tional centers of competence in subject areas concerned with problems of water
quality. These are:

(i) Thermal pollution -- Department of Sanitary and Water Resources Engineer-
ing, Vanderbilt University.

An ongoing research program in thermal pollution, under Dr. Peter A. Krenkel,
will scan the literature concerned with chemical and physical aspects of heated
effluents and their effects on aquatic life, mixing and dissipation phenomena
associated with heated discharge, and the design and economical operation of cool-
ing towers and ponds. Approximately 500 abstracts a year are expected in these
subject areas.

(j) Textile wastes -- School of Textiles, North Carolina State University at
Raleigh.

This center will scan literature concerned with effects of wastes discharged
into water courses as the result of industrial textile operations, and related
waste-treatment processes. About 250 abstracts are expected this year in these
subject areas.

In the ensuing months, with support from the FWPCA, the WRSIC plans to estab-
lish more centers in such subject areas as: water quality requirements for fresh
water and marine organisms, coastal pollution, pollution from oil spillage and
other hazardous materials, agricultural wastes, and identification of pollutants.

From existing centers, and directly from publication sources of Federal water
agencies and other organizations cooperating with the WRSIC, Selected Water Re-
sources Abstracts expects to announce an increasing range of the water-resources
literature with approximately 12,000 citations and abstracts this year. Since
the Vol. 2, No. 12, June 15 issue of Selected Water Resources Abstracts, the sources
for all abstracts in each issue have been itemized on the last page. Certain of
the existing centers of competence, enumerated above, performed additional activi-
ties, which should be noted. For example, the Scientific Information Program in
Eutrophication at the University of Wisconsin has established an operating informa-
tion center which, in addition to abstracting pertinent literature in eutrophica-
tion, provides literature search services, periodic critical reviews, and issues a
directory of University faculty and staff in water resources. Monthly issues in
a separate format of the eutrophication abstraOts furnished to the WRSIC are also
available. The Center for Urban Studies, at the University of Chicago, in addition
to its literature scanning and abstracting responsibilities, has published a stats.-
of- the -art review in the area of metropolitan water resources management. This
publication is described in more detail under the heading of New Publications in
Part III of this report.
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Systems Studies

(a) Analysis of scientific and technical literature sources for water-resources
information:

During this year . contract study (1/) supported by WRSIC analyzed sources,
format, and content of 867 serial type publications out of a possible 1,600 such
publications which were identified as having, within the course of a publication
year, a content with some degree of relevance to information needs of scientists,
engineers, managers, and others concerned with effective use of our Nation's water
resources.

The analyzed serials, which were divided into eleven purposive types confirmed
the expected spread in the subject discipline orientation. General program orienta-
tion of the analyzed serials was delineated.

Significant conclusions, related to the 867 serials analyzed, were:

1. There is a high degree of scatter in the appearance of original papers.
Eighty percent (80%) of the primary serials contain less than 5 original papers per
year in water resources.

2. Current abstracting services and other secondary publications cover
only selected portions of the water-resources literature.

3. Nearly two-thirds of the analyzed serials were published in the
United States.

4. Approximately one-third of the analyzed serials were published by
professional societies, the largest single class of publishers.

An organized data file, continuing detailed information about the analyzed
serials, was also provided for WRSIC management purposes.

(b) Identification of information needs in the water-resources community and
requirements for making effective use of WRSIC services:

The Water Resources Institute of the Texas AM University, under a grant from
WRSIC, is conducting a field evaluation which, by structured interviews and concise
questionnaire forms, is developing data to determine:

1. Effect of identified user characteristics, such as professional train-
ing and current occupation, upon information needs;

2. Evaluate two specific services of WRSIC, the Selected Water Resources
Abstracts publication, and the Selective Dissemination of Information service; and

3. Evaluate other kinds of information services, and the willingness of
potential users to pay for these services.

J W. E. Johnanningsmeier et al, Analysis of serials related to water resources,
Wolfe Research and Development Corp., Wash., D.C., March, 1969. Available as
P8185-706 from the Clearinghouse for Federal Scientific and Technical Informa-
tion, Springfield, Va. 22151 at $3 per copy, microfiche 65c.
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One thousand five hundred twenty-nine (1,529) in educational institutions,
Federal, state and local governments, private consulting engineers and contractors
have been either interviewed or been recipients of one-page questionnaires. Results
obtained from interviews and questionnaires will be provided in the final report
scheduled for the end of calendar year 1969.

(c) Systems design for integrating the water resources subject related ab-
stracts produced by certain discipline-related abstracting services, such as Chemi-
cal Abstracts, Biological Abstracts, and Engineering Index into the WRSIC system:

A WRSIC supported consortium study by BioSciences Information Service, Chemi-
cal Abstracts Service, and Engineering Index, Inc., was completed during the year.
This study described alternative systems for identifying, segregrating, and re-
formatting water resources related abstracts produced by these major secondary
abstracting services, so that these abstracts could be made more eff,ttively a part
of the WRSIC system and reduce possible duplication from other WRSIC sources.
Recommended alternatives are being evaluated by the WRSIC staff.

Continuing Services

(a) Water Resources Research Catalog, vol. 4:

The Center supported compilation of the largest to-date Water Resources
Research Catalog. Issued in August, volume 4 lists 4,501 research projects that
are being carried out by 5,749 investigators in 781 institutions with the financial
support of 320 organizations including 289 non-Federal.

The latest volume was composed entirely by computer programs, which had been
adapted to compose the pages electronically. An example of typographic versatility
of this process is the Subject Index representing a marked departure from the format
employed in previous volumes.

(b) Selected Water Resources Abstracts

Selected Water Resources Abstracts -- a semimonthly documentation periodical
produced by WRSIC has had its first full year of production in its new format and
frequency. From the limited distribution to an initial group of Federal agencies
and their grantees, circulation of the Abstracts has risen to include all 50 States,
Puerto Rico, Guam, and 9 foreign countries. To make the Abstracts available also to the
public, this publication may be obtained from the Clearinghouse for Federal Scienti-
fic and Technical Information, Springfield, Virginia 22151 (USTI) at $22 and $27.50
annual subscription prices, respectively, for domestic and foreign subscribers.

The Abstracts has grown from 1,403 citations listed in 1968 to 10,300 in 1969.
In terms of digestion and compression of printed output of original papers for
quicker scanning, an estimated 155,000 pages of published research cited in the
Abstracts during the year were displayed on less than 1,400 pages or less than 1 per-
cent of the original number of pages.

The category, Water Resources Planning, provided one example of the growing
subject matter, author, and organizational diversity. Documents in this category
rose from 150 in 1968 to 720 in 1969, being authored in 1969 by individuals affili-
ated with 300 colleges and universities, 95 Federal agencies, 25 State agencies,
and 75 foreign institutions.

The annual cumulated indexes to the semimonthly issues in 1969 make it possible
to search and locate information from 77,000 different access points including
45,000 subjects or topics, 22,000 authors, and 10,000 organizations.

(c) Selective Dissemination of Information

A Selective Dissemination of Information (SDI) system in card form, based upon
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technical information profiles of almost 1,000 recipients, was being furnished
through the facilities of the Bureau of Reclamation in Denver by the end of June
1969. Fiscal year 1970 funding levels forced a reevaluation of program priorities
and costs, so that upon the basis of expected customer level and high customer unit
costs, furnishing of this service was deferred with the last announcement cards
reaching recipients in September, 1969.

New Publications

(a) Heated Effluents and Effects on Aquatic Life with Emphasis on Fishes; a
bibliography by Edward C. Raney and Bruce W. Menzel, Cornell University, Ithaca,
New York, April 1969.

This publication, which was cooperatively supported by the Philadelphia Elec-
tric Company, the Water and Marine Desource_ Center of Cornell University, and the
Office of Water Resources Research, provides a third and expanded edition of work
begun by Dr. Raney in 1966. The present edition has 1,870 citations arranged in
permuted key words of the title sequence with numbered cross references to the
second section,which contains the complete bibliographical entry arranged alpha-
betically by author.

(b) Selected Urban Storm Water Runoff Abstracts; by the Franklin Institute
Research Laboratories for the Federal Water Pollution Control Administration, was
published for the WRSIC and FWPCA as WP-20-21 of FWPCA's Water Pollution Control
Research Series by the Clearinghouse for Federal Scientific and Technical Informa-
tion.

This publication, which is a compilation of abstracts with subject, author,
and corporate agency indexes, covers the subject areas of urban runoff, storm water
discharge, storm sewers, and combined sewers. Its contents represent and update an
expansion of an annotated bibliography issued in April, 1966, by the Cincinnati
Water Research Laboratory. The work was performed by Franklin Institute under con-
tract for the FWPCA. It is published in this edition as specialized subject
abstract form, and in the format of Selected Water Resources Abstracts.

(c) Metropolitan Water Resources Management; a state-of-the-art and literature
review by Dr. John R. Sheaffer, Center for Urban Studies, University of Chicago,
Chicago, Illinois, September, 1969.

This report seeks to delineate the interest area of metropolitan water re-
source management, and in so doing provide an assessment of the current state-of-
the-art. Being a broad subject, and one which is relatively new, it was found that
there did not appear to be a general consensus as to what the scope or emphasis of
metropolitan water resource management should be.

In an effort to identify the interest area more clearly, a three-phase pro-
gram was undertaken. The first phase involved delineation of the subject area on
theoretical grounds. This phase was based on academic viewpoints presented in the
literature that sought to clarify this broad management effort. The second phase
involved an identification of the subject area by expert opinion. Here, people
active in the field -- consultants, govermental officials, and university research-
ers -- were called upon to present their views regarding their efforts in metro-
politan water resource management. The third phase involved the identification of
an empirically derived subject area. Inputs in this phase resulted from an analysis
of plans and reports that have been prepared for metropolitan areas. It is, in
essence, an internally derived definition.

The three-phase approach used in the report accomplishes two purposes. First,
it identifies what researchers believe should be involved in metropolitan water re-
source management -- a normative delineation. Second, it presents the interest in
terms of what persons participating in the field are saying and doing -- a
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descriptive delineation which is based on the assumption that metropolitan water
resources management is what people interested in the management of water in metro-
politan areas do. The differentiation between what is articulated and what is
written permits one to approach the descriptive delineation from two perspectives.
A systematic comparison of results obtained from the three approaches makes it
possible to identify any common grounds that may exist regarding the interest area
of metropolitan water resource management.

OWRR Response to Recommendations of 1968 Special Advisory Panel

The special advisory panel, convened in November of 1968 to advise on opera-
tions of OWRR, is named on page xxi of the 1968 Annual Report. its report and
recommendations are given in full on pages xiii - xx of the 1968 report.

The 1968 panel's recommendations are presented in condensed form here to save
space, and are underlinvd for clarity. OWRR's analysis of progress toward fulfill-
ment of these objectives follows each suggestion.

Budget

OWRR, in fiscal year 1970, melt to be funded In the full amount authorized by
the 1964 Act.

Although there was no increase in the FY 1970 appropriation over the previous
year, there has been widespread and growing recognition of need for increased funds.
The Universities Council on Water Resources, as well as other organizations and
distinguished individuals, have expressed concern that expanding research demands
vaquire additional OWRR support.

Reports

Future OWRR annual reports should include a comprehensive "overview" statement
on water resources activities.

The wisdom of this recommendation has been recognized in the 1969 Annual Report
under the section on "Administration and Coordination at the National Level" which
includes discussions on use of consultants, cooperation of Goverment agencies, over-
all coordination, committee activities, and advice from the State institutes.

Manpower

Factual information and anal see are r .aired on ersonnel needs in vats
resources work.

This is an extre;-ely difficult subject to analyze. To develop a good basic
understanding, OWRR hat obtained the services of an experienced consulting organi-
zation, Surveys and Research Corporation. This research, being financed as a Title
It project, consists of a pilot study with the objective of developing a methodology
for estimating supply, utilization, and demand dimensions of trained manpower in the
water resources field. Specific consideration is being given to; (1) development of
a usable classification of water resources activities; (2) identifying principal
employe:a of trained personnel; and (3) forecasting futuce demands for personnel.

Public Information

OWRR should add to its staff an "editor- writers"

This has b*!en accomplished. A former journalist, with long experience in pub-
lic information affairs, has joined the staff. He is presently .gaged in studying
procedures for more *Efectively disseminating research results.
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The OWRR annual report, or a summary of it, should be distril ed to a broader

audience.

Another activity being undertaken by the new staff editor - writer is prepara-
tion of A condensed and popular version of the 1969 Annual Report for wide circula-
tion to the ever-increasing numbers of persons interested in the Nation's water

problems.

The idea of an OWRR-university extension service should be pursued vigorously.

Pursuant to a resolution on this subject from the Universities Council on Water
Resources, the matter was brought before the Committee on Water Resources Research.
In addition, the idea has been dis:ussed in some detail with representatives of the
National Association of State Universities and Land-Grant Colleges. The Chairman
of the Water Resources Committee, Chancellor Daniel G. Aldrich, Jr., University of
California at Irvine, has been especially helpful in these considerations.

Meanwhile, Associate Director Eaton is serving as Chairman of an ad hoc
committee of COWRR to examine the problem. In its first report, the committee
covered various significant points --- including target populations, kinds of infor-
mation involved, pertinent activities currently in effect, and special problems - --
and made initial recommendations as to action required.

Further, as mentioned in the Panel's rL ?ort, careful attention was given the
idea at the Fourth Annual ',rater Resources Research Conference of State institute
directors, other interested research personnel, and administrators which was held
in Washington, D.C. late in January 1969. A major focus of the Conference was on

transfer of research results.

OWRR ii_encouraged to initiate seminars or workshops on Questions of local or

regional interest.

To date, funds have not been available to enable OWRR's direct sponsorship in

this type of activity. Under Title I of the Act,numerous institute directors have
effectively taken the initiative in arranging for conferences and symposia on water-
related matters of local, and to some extent regional, interest. For example, three
workshops were conducted :n North Carolina on the subjects of: agricultural water
problems, effect of charges on municipal water consumption and waste disposal, and

on flood plain management.

OWRR should take the initiative in arranging. jointly with public and privet
agencies, periodic national meetings.

As previously stated, budgets thus far have not allowed for expenditures of
the ragnitude required for such sessions; however, a start has been made in this

direction. For example, OWRR collaborated with the Center for Urban Studies, Uni-

versity of f icago, in sponsorship of a two-day seminar. on "Metropolitan Water

Resource Management." This type of endeavor will be stepped-up as means to do so

become available.

Study should be stimulated on how the provision of incentives can encourage
application of cost-saving research results.

It is clearly recognized-that scientific infotmation can and does contribute
to the capability for dealing effectively with water resources problems, especially
as these problems grow in magnitude, complexity, and urgency. While it has not yet
been possible to devise the means for provision of incentives to assure application
of research results, a first step has been made in a study for OWRR directed by
Mr. Harvey Banks, Chairman of the Leeds, Hill, and Jewett organization. The initial

report on this work has been received and distributed to each institute director for

review and comment. The teport gives principal attention to needs of State and
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local water officials and related consulting engineering personnel for improved
communication of scientific and technical information.

Needed Research

More needs to be known about water resources management systems.

A number of research projects are underway in the field of water resources
planning and management. Some of these have been selected for description in other
parts of this report. OWRR, recognizing that decision-making with regard to water
resources management faces large and complex issues in adoption of plans and pro-
grams that will effectively and economically advance toward appropriate objectives,
will continue its sponsorship of research in this area.

OWRR should support research on water system preconstruction functions, in-
cluding comparative studies of single or multiple firm hardling of both precon-
struction phases as well as construction work itself.

This is an area of activity which has been left to agencies with water re-
sources construction and development programs. While it has not as yet been
possible for OWRR to mount a substantial research effort on the subject, it is
timely for consideration as part of long-range program planning deliberations now
taking place in the FCST Committee on Water Resources Research.

Support should be Riven to research directed at achieving least-cost
solutions through use of cost-saving technologies in construction of water systems.

Response to this point must be the same as that immediately above. There is
no denying the critical importance of cost efficiency. It should be possible to
include pertinent research in our plans for increased emphasis on metropolitan
water management problems.

There should be concerted attention to research on opportunities for Federal-
State water resources development to advance the Nation's high priority social goals.

Top priority has been accorded this item under two of the maim subject areas
identified by OWRR for Title II research support in fiscal year 1971. For example,
attention is directed to the need fo: research on problems associated with multiple
jurisdictions in metropolitan and regional water resources planning and management.
Also, under another priority research subject, consideration is requested for such
problems as how institutional arrangements affect the role of the private sector in
water resources development needs and how the solo- economic water system should be
analyzed in order to understand how the private sector responds to alternative water
management institutions.

Regional Research Development

pwlAR should continue to assist and encourage the commonality of interests
through regional directors' meetings.

As recognized by the Panel, OWRR holds an annual institute directors' confer-
ence early in each calendar year to encourage the desired close working relation-
ships. Further, each OWRR staff scientist is assigned "geographic area" monitor-
ship responsibilities for a particular regional block of states so that he may
assist in promoting mutual interests among them.

Although it has not been possible to devote CWRR funds to regional conferences
of the directors, encouraging progress has been made through formation of a "State
Research Centers AA lot Steering Committee" which has served to help provide plan-
ning guidance. Also, by means of individual initiative, the eleven contiguous
western states have organized a 'western States Institute Directors Association;"
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and thirteen eastern states have formed the "Northeast Association of Water Re-
sources Research Institute Directors." Thes.1 and other similar groups, such as the
"Midcontinent Research Directors," are discussed in another section of this report.
OWRR will continue to encourage their activities.

Federal-State Relations

OWRR and the State Water Resource Centers ought to develop stronger channels
of liaison with river basin commissions and similar organizations.

An encouraging start has been made in this direction. The directors in Mass-
achusetts, New Hampshire, Vermont, Connecticut, Rhode Island, and Maine have associ-
ated themselves in "The New England Council of Water Center Directors" which has
already established effective working relationships with the New England River
Basins Commission. The latter body has been authorized to cooperate with the Coun-
cil in sharing expenses of a regional research coordinator for implementing future
coordinated regional research programs. The feasibility of employing such a coordi-
nator in order to optimize multi-university regional efforts is the subject of a
fiscal year 1971 Title II proposal from a principal investigator at the University
of Rhode Island on behalf of the Council.

The matching grant program should be utilized to encourage involvement and
support of the States in the formulation of projects and policies on new technolo-

The matching grant program is initiated at the State level and is developed by
each water research center director. Involvement and support of the States is in-
herent in the organic Act which requires that at least SO per cent of the support
for such projects must come from non-Federal sources. Response has been excellent
from the outset and has been increasing each year for the limited amount of Sectior.
101 funds. A number of research proposals dealing with new technologies concerned
with solutions to urgent national problems have been approved for support. Findings
thus far achieved in some of the more promising of these are reviewed in Part I of
this report under the section entitled "Research Findings and Their Application to
Water Problems." Excellent instances of state enthusiasm are to be found in
Pennsylvania where a research project is receiving financial support from the State
Departments of Commerce and Forests and Waters. In Wisconsin, work begun under
Title II is continuing under Section 101 with substantial State dollar-contributions.
There are numerous similar examples.

The StatOater Resource Centers could help improve communication with their
State governments by pointing out the benefits from active participation in and
gupport of the OWRR program.

This action, of course, lies with the Center directors. It is encouraging to
observe that communication at the State level is improving substantially each year.
An outstanding example, of the many that could be cited, is New Mexico. Dr. N. R.
Stucky, director of the Water Resources Research Institute at New Mexico State
University, each year is instrumental in arranging a New Mexico Water Conference
which receives wide ree.ognition among State legislators. Visible evidence of
support for the Institute's water research program is a new building to house these
activities, constructed with a State appropriation, soon 0 be completed on the
Las Cruces campus.

Evaluation

141VitV panels should be established to appraise the quality of funded research.

To accomplish this objective, OAR has stepped-up use of individual authorities
in review )f selected re:earth projects. thus far, it has not been possible to
convene an entire panel for this purpose but conii4eratioo to being given the ides.
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First, it seems advisable to evaluate results of an expanded "state-of-the-art"
and "critical review" effort now underway. These activities are covered in detail
elsewhere in the report.

Continued emphasis should be placed on "state-of-the-art" reviews.

This is being done along with the addition of "critical reviews" of research
accomplishments. This provides greater depth tootle evaluation process by obtaining
not only extensive literature searches and reviews by professionals concerned with
water resources, in general, but also receiving the benefit of recognized authori-
tative judgment as to specific needs, desired goals, objectives, and priorities for
additional research in a particular subject area.

A summary review should be published covering the first five years of the OWRR
program. together with an agenda of high-priority problems.

Program accomplishments and planning for the future are a continuing function
but publication of a five-year document has not yet been undertaken owing to the
substantial manpower and cost involved. As a necessary first step, OWRR has parti-
cirated in three recent program review deliberations of the Federal Committee on
Water Resources Research, namely: (1) A special three-day session comprised of com-
prehensive, analytical presentations by each member agency covering existing and
proposed future research activities; (2) preparation of the soon-to-be released
annual report of the Committee which will emphasize accomplishments and indications
of need for change in emphasis during the first five years of COWRR's existence;
and (3) preliminary considerations in the process of updating the long-range plan
for Federal water resources research. When COWRR has completed these actions, or
at least has made substantial progress on them, OWRR will be in a better position
to proceed effectively on the Panel's recommendation.

Technology Transfer

The Federal Council for Science and Technology /Committee on Water 1 ,sources
Research has celled attention to the need for more effective dissemination of water
resources research results and, through an ad hoc assigrment, it is exploring the
basis for a cooperative program. An interim report adopted by COWRR broadly out-
lines the nature of the problem and certain initial issues that should be resolved
through discussions among representatives of the academic institutions, Federal and
State agencies, and others, including practicing professionals and their organise-
tions.1/ Such discussions to date have explored common concerns and means for pro-
ceeding.

The COWRR Committee reported need for improved dis,amiaation of water resources
research results. The greatly increased magnitude, complexity, and diversity of
water resources problems and professional involvement in dealing with them create
new needs for access to scientific and technical knowledge that are not adequately
met through existing communication channels. The report points outs

"In recent years, there has been greatly increased attention to
activities that are neo in their technical aspects and professional
involvements. Water resources planninb, water quality management
and pollution abatement, water resource management in metropolitan
environments, management and protection of estuarine areas, 1-kes,
and marshlands, management of heat rejected by thermal-electric gen-
erating plants are some examples of water resource activities that

1/ Dissemination of Water Resources Research Results. December 18, 1968, Interim
Report of the Ad Hoc Committee, adopted by FCST/COAR December 25, 1968.
Office of Science and Technology, Washington, D.C.
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involve physical, life, and social scientists and engineers. Tech-
nical (and social) aspects of these problems and of proposed solu-
tions are of concern to professional personnel of Federal, state,
and local governments and of private enterprises. Properly in-
formed consideration of an action on such matters requires ready
access to the results of research - 'ready access' being defined
to include availability of technical (and social) information in
form that is comprehensible and usable by competent practicing
professionals who may not be research specialists."

Closing an information gap is a two-way process--both the generator of informa-
tion and its receptor must be actively engaged in the process. Often, however,
initial impedance may be so great that communication is ineffective without pro-
vision of special aids, and this seems to be widely true for research-practitioner
communication in the water resources field. Four kinds of action can reduce initial
impedance:

1. Identifying scientific information potentially significant for problem-
solving.

2. Repackaging such scientific information for ready comprehension by
practitioners and other decision-makers.

3. Providing means of cocounication designed to facilitate ready access
and use by both the generator and the recipient of such repackaged
information.

4. Facilitating feedback that will alert researchers to the scientific
information needs of those involved in resources decisions and actions.

Three activities are reported here which are considered significant, prelimin-
ary steps towards closing the information gap:

(a) Universities Council on Water Resources (UCCWR), in its 1968 Annual Meet-
ing, passed a resolution to authorize OWRR and the universities to develop an
adequately financed program for interpretation and dissemination of research find-
ings as follows:

WHEREAS, there is a growing shortage of scientists and technicians
in the entire field of water resources, and,

WHEREAS, there is also a rapid build-up of research information at
the universities as the result of the expanded overall water research
program, which information is not being transmitted to the user public
as rapidly as desirable, and,

WHEREAS, the training of scientists in the colleges of agriculture
as financed by matching-grants to land grant universities, and the dis-
semination of research information through an extension service has been
extremely effective, and,

WHEREAS, this same concept has recently been endorsed by the Congress
of the United States through matching-grants under the Sea Grant College Act.

NOW, THEREFORE, BE IT RESOLVED, that the Universities Council on Water
Resources encourage passage of similar authorizations to the Office of Water
Resources Research, and the universities, for the development of adequately
financed funding and extension matching-grant programs in water resources.

(b) A Plan for A Comprehensive Water Resources Research Exchange system.

Last year's report described in some detail the nature of the contract between
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OWRR and Leeds, Hill and Jewett, Inc., to develop a plan for dissemination of re-
sults on water resources. These recommendations are currently being studied by
OWRR and the 51 Institute Directors with a view toward implementation as soon as
personnel and funding limitations permit.

(c) Fourth Annual Water Resources Research Conference.

Although this Conference is reported on elsewhere in this report, a major
theme of the Conference concerned information transfer. It is appropriate, there-
fore, to consider here the significant, relevant ideas on this subject that emerged:

Dr. Ralph Stucky of New Mexico presented the Resolution on Public Education
adopted by the Universities Council on Water Resources (11COWR) at its annual meet-
ing in July 1960. Dr. Stucky also urged that universities make greater use of
seminars, conferences, and'short courses to dissiminate information and prepare
publications designed to stimulate interest in water resources among students at
the primary and secondary school level at the time they are planning for their
careers and studies in colleges and universities.

Mr. E. D. Eaton, Associate Director of the Office of Water Resources Research,
summarized the report of the ad hoc committee established by the Committee on Water
Resources Research (COWP1) of the Office of Science and Technology for the purpose
of defining the scope and dimension of the problem and recommending a position and
course of action for ODWRR to take relative to the UCCWR resolution. In the ad hoc
committee report it was recognized that new water problems and programs have created
new scientific information needs of information users not heretofore considered to
be concerned with water resources research results and that new means would have to
be developed to meet those needs. The report further recommended that COWRR provide
for collaboration among concerned Federal and State agencies and academic and other
organizations in developing a mutually accepted basis for cooperative action. The
subject report was approved and adopted by COWRR and the ad hoc committee was in-
structed to explore means for reaching agreement with the several interests --
UCOWR, National Association of State Universities and Land Grant Colleges, such
State agencies as have indicated an interest and willingness to participate, pro-
fessionel organizations, and others -- leading to an agreed-upon basis for coopera-
tive action. An exchange of views, hopefully leading to this objective, is now
underway.

Mk. Walter M. Newman of the New England River Fauna Commission presented a
paper on "Closing the Gap Between Research Results and Application." in this paper,
it was emphasized that research efforts be relevant and pertinent in solving today's
water problems and that research findings be made available sufficiently early to
influence present decision making. One means suggested by Mt. Newman of conveying
current research results to the planner and implementer would be by initiating a
dialogue among researchers, planners, engineers, etc., by means of a "think tank"
established at water resources research centers.

Mr. Harvey O. Banks of Leeds, HP1 and Jewett, Inc., presented a progess report
on an investigation his firm was conducting for the Office of Water Resources Re-
search on "Research Information Exchange Systems." Preliminary findings of the in-
vestigation to date indicate that State newsletters containing brief notes on re-
search findings would be highly welcome by practiticrers. The second most popular
suggestion for disseminatin, research results was found to be an automatic distribu-
tion of completed research reports. Others means of dissemination of information
suggested by the investigation included: OWRR and State Institute-sponsored semi
rams, OWRR-prepared articles for publication in technical msgasines, utilization of
information dissemination services of professional societies such as ASCE, AWWA,
AWRA, etc., and personal contacts between researchers and users.

In the general floor discussion that followed, a number of suggestions were
made to 11140[011e the effectiveness of research results transfer. Dr. John Dracup of
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UCLA proposed wider utilization of short courses of one to two weeks duration that
might be presented through university extension programs for the benefit of water
resources practitioners. Dr. Don Kirkham of Iowa State: University proposed employ-
ment of water resources specialists in university extension programs to convey re-
search results to users and the general public. Dr. Ben Ewing of the University of
Illinois proposed greater use of the state-of-the-art paper as a means of reaching
a wider audience than the short course approach. Dr. William Butcher, then of the
University of Nevada, suggested more person-to-person contact between specific users
and researchers during both the research planning and prosecution stages. Dr. David
Allee of Cornell University encouraged greater use of educational television to
reach large public audiences, and Mk. Walter Newman of the New England River Basins
Commission suggested a screening process to determine what research results have
sufficient practical application to warrant being carried forward to the pilot plant
stage that must recede final application.

OM Role in Metropolitan Area Water Problems Research

Water scientists, engineers, end planners need to npply some fresh thinking on
ways to plan, develop, and manage effectively available water supplies and discharg-
ed waste waters in the urban complex. The increaeng concentration of people in
metropolitan areas with their enormous accretions of wastes, traffic, business,
industry, and recreation needs intensifies the demand on our water resources which
are essentially fixed in quantity and degrading in quality. What must be done is
to make our urban centers more livable, attractive, and economically viable. Chan
water in ample supply for domestic, commercial, industrial, and recreational uses
can be a significant factor in realizing this goal.

In his news release of July 31, 1969, Secretary Rickel directed OWRR to give
top priority to improvement of water resources management in metropolitan areas of
the Nation. Both Secretary Hickel and Assistant Secretary Klein stressed the
necessity of efficiently and economically meeting water-related requirements if we
are to succeed in improving the enviroament of our cities and urban areas. A
planned program prepared in consultation with technical specialists in urban water
research and practice will be reviewed and discussed in late 1969 at a national
conference of experts to assure the program's technical and practical soundness.

Our 1968 report mentioned a few examples of metropolitan water research projuta
being supported under OWRR's Title I and Title II programs. Several additional
illustrations will describe the wide scope of studies in this field.

Professors Leonard Zobler and George W. Carey of Columbia University and their
associates completed their investigation on benefits from integrated water manage-
ment in the New York metropolitan region which has a water network of over 400
separately managed agencies. Results are described in more detail in Part I of this
report. The Battelle Memorial Institute has begun research in the Clevelatri area in
the evaluation of urban core usage of waterways and shorelines. A two-year study at
Cornell University involves a systems analysis of metropolitan water resources.
Research is continuing at Purdue University as to the effects of urbanisation on the
hydrology of watersheds. Work is underway at the University of Washington on com-
prehensive planning for urban storm water removal. A novel approach by the Univere-
ty of Chicago considers water as a potential organizing concept in urban regions.

In September, 1968, the American Society of Civil Engineers (ASCE) issued their
first year report, "Systematic Study and Development of Long-Range Programs of Urban
Water Resources Research," (C-1536). This monumental study under the direction of
a project steering committee designated by the ASCE Urbal Hydrology Research Council
coordinated the work of more than 1)0 professional water specialists representing
miny diversified areas of experience and training. The report is described in de-
tail in Part I.

This OWRR-sponsored study, together with a companion ASCE project supported by

101



USGS, "Analysis of National Basic Information Needs in Urban Eydrology," will serve
as working and reference documents in the planned intensification of research on
management of water resources in the metropolitan-urban environment.

Status of Title II Research and Suggested Priorities for 1971

Status of Program

Title II of the Water Resources Research Act, as amended, authorizes the
Secretary of the Interior to make grants and finance contracts and matching or
other arrangements with educational institutions, private foundations or other
institutions, with private firms and individuals whose training, experience, and
qualifications are, in his judgment adequate for the conduct of water research
projects, and with local, State and Federal Government agencies, to undertake re-
search into any aspects of water problems related to the mission of the Department
of the Interior which he may deem desirable and which are not otherwise being studied.

In 1969, 360 research proposals representing requests for approximately $35
million in Federal funds were received by the Office of Water Resources Research for
consideration for support under the Title II provisions of the Act. The Congressional
appropriation for the support of fiscal year 1970 Title II projects was $2 million.

Of the 360 research proposals submitted, 36 projects were selected for support.
In the projects selected for support emphasis is given to research related to urban
and metropolitan water problems and to development and application of systems analy-
sis to water resources problems. Eight projects deal with research related to metro-
politan water problems, eight, with systems analysis development and application,
and five, with water resources planning and management. In addition, other projects
deal with the ecologic impact of water resources development, social objectives in
water resources policy, and management of inland lake resources.

Each proposal selected for support deals with a problem specifically identified
as worthy of priority research attention by one or more bureaus of the Department of
the Interior, by the Water Resources Council, or by the Committee on Water Resources
Research of the Federal Council for Science and Technology.

The 36 Title II projects approved for support in Fiscal Year 1970 are listed in
Appendix L. Institutions, agencies or research entities shown in parentheses follow-
ing project titles ate responsible for conducting the describer research. Example..

of research results from Title II projects are included in Part I.

Suggested Priority Areas for Fiscal Year 1971

The Office of Water Resources Research has identified seven major subject areas
for primary research support in the Fiscal Year 1971 program. The goal of the
Title II program is to encourage and support research on water resources problems
receiving inadequate attention, and to bring organizations into the program and open
up new research approaches not effectively reached through authorizations provided
in Title I.

Major subject areas for primary research support in Fiscal Year 1971 emphasize
those subject and problem areas requiring additional research attention recommended
by the Federal Council for Science and Technology as set forth in the publication,
"A Ten-Year Program of Federal Water Resources Research," issued by the Office of
Science and Technology, August 1966. Specific emphasis will also be given to prior-
ity research subjects as developed within the Department of the Interior and relat-
ing to the Department's broad responsibilities in the areas of water development,
management, and protection, and to recommendations of the special panel convened in
accordance with the Rules and Regulations to advise the Secretary of the interior
on operations of the Office of Water Resources Research.
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On June 16, 1969, a public announcement was released which described major sub-
ject areas which would be emphasized in the OWRR Fiscal Year 1971 program. The
announcement contained information and instructions for submitting research propos-
als to OWRR, and a copy of the list of suggested priority research subject areas is
shown below.

The Office of Water Resources Research has identified the following major sub-
ject areas for primer/ research support in the Fiscal Year 1971 program. Some ex-
amples of specific research topics within these major subject areas are presented
to indicate the range of problems needing research. It is not expected that a given
research proposal will cover all or necessarily several of these problems. Problems
are listed simply as examples of subjects to which research proposals may be related.

(a) Anal.ysisofPlarjrju&,linManaerialF,2gginancialOeratinandReulatorx
Policies of Water Resources Institutions. Analysis of water rights doctrines espe-
cially as they affect the process of decision making, user attitudes and water
management practices and policies. Research is needed on problems associated
with multiple jurisdictions and conflicting objectives in metropolitan and regional
water resources planning and management. Also, technological tools for planning
water resource development on a regional or basinwide basis may have advanced be-
yond our institutional capabilities for implementing plans. While the many conflicts,
discussions, and negotiations involved in finding acceptable plans are truly part
of the democratic process, further understanding of the mechanisms of the process
could serve to expedite the implementation phase, thus benefiting all parties con-
cerned. Research goals should be to provide a basis for establishment of improved
mechanisms including evaluation of alternative means of augmenting and conserving
supply, for water resources planning, implementation of plans., and to improve
management effectiveness through lessening of conflicts, uncertainties, and eon-
fusion among claimants to the resource.

(b) Water Resources Policy and Political Institutions. Understanding of policy
aad institutional problems is indispensable to sound water resources management by
both the public and private sectors of the Nation. Research is needed on how in-
stitutional policy is measured and what policies and institutional arrangements are
conducive to sound water management. Among the questions to which research could
be directed are those involving current policies and institutions. The river basin
as a water management unit needs further evaluation with respect to the compatibil-
ity of water resources management objectives and the needs of regional economic
development.

How institutional arrangements affect the role of the private sector in water
resources development needs to be researched. A very large segment of water re-
sources needs are fulfilled by the private sector. Comprehensive analysis of the
socio-economic :rater system requires understanding of how the private sector re-
sponds to alternative water management institutions. How have Federal policies and
alternative state tax and regulatory policies affected the private role in the
several functional areas of water service? How have Federal and state grant pro-
grams influenced the use of private investment capital in the financing of local
water development?

(c) Hydrologic Systems Analysis. The application of operations research tools
such as mathematical modeling and simulation, optimization and design theory need to
be assessed and further explored in relation to hydrologic events and to planning of
surface and ground water resources development. Research needs in the irea of opti-
mization include a better definition of benefit functions to portray the economic
losses incurred during shortages in agricultural, municipal, and industrial water
supplies. Rainfall- runoff models applicable to large watersheds and using both
deterministic and stochastic approaches are needed. Correlation of mean annual or
seasonal runoff with precipitation, evapotranspiration, physiographic and vegetal
parameters would be useful in application to similar areas of sparse hydrologic data.
Operations research and information theory techniques shoal be examined for
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potential application to inflow-outflow problems in hydrology, flood routing,
reservoir operation, data network design, automatic control and monitoring of water
distribution systems, etc.

(d) Urban and Metropolitan Water Resources Problems. Research is needed on
urban hydrology and the effect of man's activities on water. Such research should
include evaluation of the impact of urbanization on the frequency of flood peaks,
reduction of low flows, decrease in natural ground water accretion, impairment of
water quality, erosion, etc.; and development of methodology and technology to cope
with such problems. Knowledge of the effects of urbanization on drainage, water
quality, stream regimen, water yield and flooding are essential to intelligent de-
velopment and utilization of metropolitan water resources. A study of public
acceptance of alternative sources of municipal water supply should be encouraged.
Research is needed to define and quantify social, esthetic, and amenity benefits
associated with urban waterfront development, location and recreational use of
metropolitan reservoirs, and preservation, protection, and beneficial uses of marsh-
land and estuaries in close proximity to urban regions. Research is needed on the
effects of urban encroachment on the upstream watershed, the effects of changing
land use patterns, the economic consequences of the conversion of irrigated land to
urban uses and the conversion of irrigation water and water rights to municipal and
industrial use. Innovative approaches to water-related recreation an6 open apace
in the urban environment are needed. Research is needed on methods to reduce the
cost of providing water and sewerage service to new housing. The use of 'withdrawals"
as a measure of water demand can be misleading when the demand-supply ba)ance in
water management and planning becomes critical. A new, rigorous definitioc, of
"water requirements" (residential, industrial, commercial and public uses) is needed
which will take into account the factors of usage, withdrawal, consumption, recycle,
returns and dilution.

(e) Environmental Considerations in Water Resources Planning and Management.
Increased knowledge of ecological processes and principles and intelligent use of
ecological information can result in more enlightened resource planning and manage-
ment and help maintain or improve the quality of the environment for man's well-
being. Planning and management methodologies need to be developed in the context
of sound ecology in which man is regarded realistically as part of the ecosystem.
The methodologies would provide for use of water and related resources with minimum
degradation of the environment or, preferable, improvement of the environment.

Questions will continue to arise regarding the feasibility and capability of
restoring degraded environments to a more natural and more balanced state. Of what
value is a relatively unpolluted, naturalistic aquatic area in comparison with one
which has been enriched by man and used extensively for mass recreation or other
purposes? What are the long -tern ecologic implications of man's use of an area?
What criteria can be used to judge the extent to which an area can be altered with-
out unplanned irreversible changes made in the ecology, such as loss of a rare
species of fish?

Research is needed to identify and determine the ecological processes, types,
and functioning of aquatic ecosystems with which man can live most harmoniously and
to develop means for predicting the ecologic impacts of water development. Special
consideration will be given to innovative, but positive and rational approaches to
solving current problems or avoiding future water problems involving the quality of
of the environment, whether stemming from waste disposal, dredging, filling, drain-
age, irrigation, or other water development activities. One approach might be de-
velopment of ecosystem analysis to a point permitting incorporation of ecological
information into engineering- economic - legal - political systems analyses. This would
enable decision-makers to use ecological information in conjunction with public
preferences and socio-economic, political, and legal constraints, and to decide
which of several possible alternative courses of iction to take.
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(f) Evaluation of Economic Importance of Various Uses of Water. Cost Alloca-
tion Cvac Xiaring. Pricing and Repayment. Allocation of water resources to speci-
fic competing uses is made difficult because market pricing techniques customarily
do not reflect certain values which are recognized by the public in the areas of
recreation and conservation. Study is needed of methods allocating costs among the
various functions of multiple purpose water resource projects. Research is needed
to develop alternatives to market pricing for quantifying esthetic, recreation and
fish and wildlife benefits. Research is needed for improving the methods used in
evaluating primary and secondary benefits of municipal, industrial, and agricultur-
al water uses. Also, research is needed to identify recipients o!: esthetic, amen-
ity and recreation benefits, to establish methods for determining attitudes and
public preferences with respect to competing demands on the water resource, and the
ability and willingness to pay for such benefits. Currently, economic analysis con-
centrates heavily on engineering data; no satisfactory way has been developed to
introduce social, esthetic, cultural and similar costs into the economic analyeg.
Research efforts directed to this problem would be beneficial to both planners and
resource managers.

(g) Evaluation of Social Objectives in Water Policy. Benefit-cost analysis
is the principal tool for analysis of public investment programs, including water-
shed and water resources programs. It ranks projects and programs only in terms of
economic efficiency. Research is needed to determine appropriate alternative ob-
jectives and to develop methods to evaluate the benefits in relation to costs for
the different objectives, such as alleviation of poverty, improved distribution of
population, environmental quality, and other social values.

Mal _of Consultants

Ecological Considerations in Water Resources Management.

Improved techniques for predicting the response of water-related biological
communities to man-induced environmental change is essential to planning for sound
resource use. Unwanted side effects from water-development projects and from in-
creased industrialization and urbanization are growing more familiar every day.
Yet, reliable prediction techniques that would allow us to forestall or mitigate
adverse effects are wanting.

With severe competition for funds among the many pressing water resources
problems, it is imperative that the limited allocation or OWRR funds for ecological
research be brought to bear on selected aspects of the problem which can contribute
to better water management.

As part of continuing effort to bring these needs intu sharper focus, arrange-
ments were made in June, 1969, with Dr. Eugene P. Odum, Director of the Institute
of Ecology, University of Georgia, to prepare a report for OWRA on the subjects
Ecological Considerations in Water Resources Management. Dr. Odum is an interna-
tionally knovn expert in the field of aquatic ecology. His report is scheduled for
delivery id December 1969.

This report will include an introductory section to develop, in a broad way,
and in terms understandable to informed laymen and administrators, how ecological
considerations and methodologies can contribute to enhancing effectiveness of
management of water and related resources in an increasingly urban and industrial
society.

It will 6en identify and give priorities to researchable, ecology-related
subjects that now appear promising areas for increased attention and emphasis to
provide knowledge needed for improving water resources management.

It will include recommendations as to measures under the Water Resources Re-
search Act that sight be tale to aid in bringing about needed increases in research
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identified above, taking into consideration present and projected research programs
of other Federal and non-Federal agencies.

A General Assessment of Systems Engineering as Applied
to Water Resources

In June, 1969, a contract was signed with Environmental Dynamics, Inc., Los
Angeles, California, Dr. John A. Dracup, principal investigator. The objective of
this contract is to provide an assessment of the current state of the art in de-
velopment and application of systems analysis and operations research in planning,
design and operation of water resource systems. This assessment will involve
analysis of the total water resource system and each of its sub-systems, and objec-
tives, constraints and functional areas of the total system. Each of these com-
ponents have, to some extent, been analyzed using techniques of systems analysis
and operations research. This assessment will stipulate where techniques of systems
analysis and operations research have been utilized in the analysis of each of these
components and where additional research is required. Typical systems analysis
techniques which have been applied to water resource systems include simulation,
probability theory, stochastic processes, statistics, game theory, queuing theory,
mathematical programming techniques of non-linear and dynamic programming,
and multi-level optimization.

Analysis of water and water-related research requirements in the Great Lakes Region

In 1968, we identified kinds of studies in the Great Lakes region recommended
in the contract report by the Committee on Institutional Cooperation (CIC), a con-
sortium of 11 major universities in the mid-West. The CIC study group examined
research needs and methods conducive to comprehensive water management and related
development in the Great Lakes Region. Region, as defined in the report, includes
both drainage basin and the influenced service area. In its consideration of
methodologies useful in attaining effective water management and development, the
study group placed special emphasis on applications of systems analysis and model-
ing.

A modest start has been made in the utilization of the systems approach to
Great Lakes research. Professor Rolf A. Deininger of the University of Michigan,
for example, has initiated OWRR-supported research evaluating deterministic and
stochastic mathematical models for control of the water supply and lake levels. The
purpose is to determine optimal operating strategies, taking into consideration
shoreline, navigation, and power interests. Ohio State University scientists are
studying the western basin (1.;: Lake Erie employing systems analysis to link on-shore
economic relationships with in-lake ecological conditions. Begun in FY 1969, this
study will develop mathematical models for two major subsystems. These are the
economy of the Detroit-Toledo metropolitan area and the in-lake ecological subsystem.
Linkages between these subsystems are envisioned as mainly the pollutants and the
resulting water quality.

At Michigan State University, research by Professor Marvin E. Stephenson con-
cerns development of suitable models which will quantitatively describe physico-
chemical, biological, and economic sectors of water resources management within the
Grand River system, a major watershed of Lake Michigan.

Beginning in FY 1970, the University of Illinois in cooperation with the
Illinois State Water Survey is undertaking a study of the hydrology for models of
the Great Lakes. This matching grant project will provide a means for determining
effects on lake levels as a consequence of changes in any of the hydrologic factors
resulting from management programs.

Seminars and Meetings

During the year, OWRR sponsored or participated in seminars and symposia focusing
on critical water resources problems or significant research efforts. These
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presentations and meetings have proven to be effective media for keeping OWRR's
professional staff up-to-date in technical fields, in addition to providing an
equally valuable service for participating personnel from other Federal and state
agencies, and non-governmental research organizations. These meetings also contrib-
ute very significantly in coordination and cross-fertilization of related research
done by other agencies, sharpens the acuity of particular research and serves to
make OWRR's research maximally responsive to the broad spectrum of needs of the
Federal water resource community. Some examples are as follows:

Systems Simulation for Management of a Total Water Resource

On April 2, the Texas Water Development Board and its subcontractor Water
Resources Engineers, Inc. made a presentation of the progress, problems, and pros-
pects of Project C-1377, "Systems Simulation for Management of a Total Water
Resource." The conference drew participants from 10 Federal agencies, several
university professors, representatives from private, industrial and research firms,
and the technical staff of OWRR. This presentation was not only informative but
evoked stimulating discussion and exchange of ideas thus providing valuable feed-
back for enhancing the research effort.

Analytical Problems and Systems Related to the Assessment
of the Nation's Water Resources

On February 28, OWRR and the Water Resources Council jointly sponsored a semi-
nar on Analytical Problems and Systems Related to the Assessment of the Nation's
Water Resources. The focus of this seminar was a presentation by Arthur D. Little,
Inc, of their progress on an OWRR-supported research study of required data and
analytical t ;stems for preparing national water assessments (Project C-1415).

Representatives from virtually every Federal water resources agency attended
this seminar, making valuable contributions in the discussion periods. A follow-up
symposium was conducted on March 13 to cefine and consolidate items not adequately
resolved at the previous seminar.

Transport and Dispersion of Water Pollutants

On February 14, Hydronautics of Laurel, Maryland, made a presentation of the
progress and prospects of their research project entitled "Experimental and Theoreti-
cal Study of the Hydrodynamics of Dispersion in Rivers and Estuaries" (Project C-1290).
Attendees included OWRR staff scientists and interested personnel from the U. S.
Geological Survey, Federal Water Pollution Control Administration, Army Corps of
Engineers, and Maryland Water Resources Research Center.

This presentation provided an excellent forum for discussing the present state
of theoretical and practical knowledge fundamental to prenIzting effects of pollut-
ants in terms of their patterns of dispersion from sources of pollution.

Utilization of Physical and Mathematical Models in Marine Water Resources
Research and Management.

Dr. William Hargis, Jr., of the Virginia Institute of Marine Science and four
members of his staff gave a seminar in the Interior Building December 5, 1968, for
OWRR and interested representatives of several other Interior Bureaus.

The presentation covered progress and results from the OWRR-supported research
J71 the improvement of mathematical and hydraulic modeling with respect to Chesapeake
Bay and some of its principal tributaries, especially the James River.

Generalized Analysis of Small Watershed Responses

In continuance of established OWRR policy, On September 22, Dr. Jaime Amorocho
of the University of California at Davis conducted a technical seminar on the
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subject "Generalized Analysis of Small Watershed Responses." Approximately 40
scientists and engineers from several agencies attended including the Bureau of
Public Roads, Corps of Engineers and the Organization of American States. Dr.
Warren A. Hall, incoming Chairman of the Committee on Water Resources Research of
the Federal Council for Science and Technology, participated actively in the open
discussion. Dr. Ali,,LrrIcho has been principal investigator on several °WAR-sponsored
research projects. This year he is on sabbatical leave from the University under
an appointment with the Water Resources Division of the Geological Survey.

Soil Water Movement

On October 22, 1969, Dr. Dale Swartzendruber of Purdue University spoke before
an audience of interested represcntativec from Federal agencies on "The Movement of
Water Into and through Soil." Professor Swartzendruber, a soil physicist, has
specialized in laboratory and field research on the quantification and prediction
of infiltration rates from measured soil properties and soil-water content. His
studies of the infiltration phase of the hydrologic cycle under the allotment and
matching grant programs have included the dynamics of water flow through surface
crusts or seals and the role and importance of electrical streaming potentials in
influencing water infiltration into soil.

Institute Problems

Part 506.5 of the Rules Regulations of the Act calls for a summary of ad-
vice and comments pertaining to needs and problems of the program as expressed by
the State Institute Directors in their annual reports. As in previous years,
certain problem areas are of widespread occurrence. These are (1) inadequate
matching funds, (2) lack of graduate students, and (3) inadequate socio-economic
research.

Inadequate Funds

A continuing problem for many institutes is the inability to secure adequate,
non-Federal money to match Federal funds under Section 101 of the Act. As a result,
many worthwhile proposals from universities with the capability to make a signifi-
cant contribution towards the solution of serious water resources problems are not
submitted. Illinois, Indiana, West Virginia, New Hampshire, Colorado, Nebraska,
New Mexico, and Tennessee list this as a major problem.

In addition, several States ,ace a problem in the allotment program due to
spiralling research costs and a fixed support base - Illinois, Wyoming, Alabama
noted this as an increasingly severe problem.

Lack of Qualified Graduate Students

Several States continue to report difficulties in obtaining qualified graduate
students. Drafting of graduate student research assistants into the armed forces
through the Selective Service Act has delayed or interrupted some research projects.
Dr. Robert A. Lauderdale, Director of the Kentucky Water Resources Institute,
mentioned that projects in engineering and the physical or natural sciences had
been particularly hard hit in Kentucky and no relief was apparent for Fiscal Year
1970. Another State mentioning a similar problem is South Dakota.

Socio-Economic Research

A perennial and widespread source of concern is the difficulty in initiating
and maintaining a desirable level of research in this area despite almost universal
conviction that a great deal more emphasis is vital. This neglect is attributed to
both a lack of graduate students and lack of interest on the part of social scien-
tists. Among the States listing this as a serious problem are Indiana, New Hampshire,
Nebraska, South Dakota, Minnesota, Illinois, and Tennessee.
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Other Problems

Until this year, the need for more interdisciplinary research was cited by

many institute directors. This year only one State, Indiana, specifically identi-

this need as urgent but other indications suggest that it is still a common problem.

The Tennessee Center Director pointed out that few water research proposals
are received from Tennessee colleges and universities other than the University of
Tennessee and that at the latter institution proposals from such disciplines as law,
public administration and planning are not received. Conferences are being held
with the respective department heads to discuss this problem. The Indiana Director
also reports difficulty in arranging for participation by other universities in the
State.

Arizona estimates that the State contribution to the Center's program is more
than double the annual allotment. However, only a fraction of this substantial
contribution is reported due to the fact that accounting cannot be maintained in
the detail required by Federal audits.

In Puerto Rico, the problems encountered in administering the program may be
divided into two broad areas: First, as it is not a separate administrative re-
search unit, the Institute must depend on systems and procedures long established
at the University of Puerto Rico. These arrangements do not respond to the unique
needs of investigators but rather to traditional academic routine. However, good
progress is being made in changing old concepts and procedures. The Administration
of UPR has been most cooperative in the process of establishing more efficient cost
and procurement methods to suit our needs.

Second, the distance from the mainland, the higher costs for everything and the
inadequacy of funds, both Federal and Commonwealth, constitute a permanent problem.

Alaska reports a problem due to physical dispersion. With researchers physi-
cally located in different departments and laboratories s'atterrd over the campus,
a lack of coordination and a dilution of research effort has re,ulted. Efforts are
being made to build up a full-time research staff and have it officed within a
contiguous area.

Late notices, from OWRR of approval or rejection of research proposals has
caused difficulties in Utah. Non-allowance of payment of fringe benefits under
OWRR program continues to cause problems for the University Bv.:iness Office.

in Arizona, it is not legal to pay "fringe benefits" from S.:ate funds in
lonnection with any part of an individuals salary that is derived from non-State
funds.

Alabama also cites the exclusion of fringe benefits as a problem.

The Director of the University of Hawaii Water Resources Research Center reports
that a university coordinating committee, long-requested and much needed, is yet to
be establi sLed.

Professor Carl Kindavater, Director of the Georgia Center, points out a subtle
problem in this perceptive comment:

"The P.L. 88-379 program has stimulated increased emphasis on
water resources research and education at the participating institutions.
No overt attempt has been made to reshape institutional programs specifi-
cally to satisfy research priorities associated with the OWRR program.

Nevertheless, allotment funds, augmented by State support, have been used
to attract previously uninvolved competence to water-related activities.
During the past year, faculty members from 12 major divisions at Georgia
Tech and 7 at the University of Georgia were engaged in OWRR-sponsored
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research. Active research projects reflect a remarkable correlation with
ICST-COWRP research priorities. This is partly due to the researcher's
pragmatic reaction to priorities established by funding agencies. It is

also a result of the fact that the program includes a considerable number
of proposals. Included in proposals not approved for funding are some
which reflect exceptional research competence which is characteristic
of the participating institutions. This observation suggests that one
of the purposes of Federal sponsorship of the P.L. 88-379 program should
be to combine the best talent and facilities of the Nation into a co-
herent national program of research. It recognizes that diversity among
our Nation's universities is an asset, whereas conformity, imposed by
Federal funding patterns, may result in an inferior national program."

Committees and Other Activities

The Directorate and staff of OWRR participate in a great many interdepartmental,
departmental and professional standing and ad hoc committees that are concerned with
water and related resources. This participation is essential to maintain the three
"Cos" - coordination, communication, and cooperation.

Some examples of the more significant committee participation are as follows:

Roland R. Renne 1/
Director

Adviser to National Academy of Sciences' Committee on
Water Resources Research

Member, General Administration Board, USDA Graduate School

Member, National Cooperative Forestry Research Committee

President, Federal Professional Association

E. D. Eaton
Associate Director

USDI representative, Federal Council for Science and
Technology, Committee on Water Resources Research

Member, USDI, - Interior Committee on Water Resources
Research

Member, USDI, - Interior Committee on Research and
Development

Chairman, Committee on Water Resources Research - Task
Group on Manpower, Training and Facilities

Edward G. AltollIEE

Guest Lecturer in Water Resources Engineering-Economics,
University of Extension, University of California at
Los Angeles

J Dr. Renne resigned as Director May 17, 1969.
Dr. H. Garland Hershey became Director, September 29, 1969.
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Logan 0. Cowgill

Member, Federal Council for Science and Technology,
Committee on Scientific and Technical Information,
Panel No. 1 on Operational Techniques and Systems

Member, Water Resources Council, Committee on Hydrology,
Bibliography Work Grol:p

Alternate USDI member, U. S. Standards Institute, Z-39
Sectional Committee on Library and Documentation

Chairman, Natural Resources Division, Special Libraries
Association

Luther C. Davis, Jr.

Alternate Member, Federal Advisory Committee on Water Data

Glen D. Fulcher

OWRR representative on Economics of Natural Resources
Development Committee of the Western Agricultural
Economics Research Council

Member, International Relations Committee of the American
Society of Range Management

Raymond A. Jensen

Alternate member of the Committee on Scientific and
Technical Information (COSATI) of the Federal Council
on Science and Technology

Member of COSATI Task Group on dissemination of information

Member of COSATI Panel Six - Information Analysis Center

Member of Sectional Committee Z-39 on Library and Documenta-
tion Work of the United States of America Standards Institute

Daniel L. Leedy

Member, Federal Committee on Pest Control

Member, Panel on Natural Resource Science of the Commission
on Education in Agriculture and Natural Resources, National
Academy of Sciences

Member, Intradepartmental Committee on Recreation and Natural
Beauty

Member, NAS-NRC Committee on Interrelationships of Agricultural
Land Use and Wildlife Resources

L ubo Lulich

Member, Washington Computer Center, USGS, Policy Committee,
User Group
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Albert H. Swartz

Member, Interior Sea Grant Program Liaison Group

Member, Interior Committee for Power Plant Siting Criteria-
to Assist Interdepartmental Task Force

Member, Interior National Esutarine Pollution Committee

Member, Steering Committee and Liaison Task Group, Chesapeake
Bay Study

Alternate member, Interior Council on Marine Resources

Herbert A. Swenson

Member, National Technical Advisory Committee on Water
Quality Criteria

Member, Federal Advisory Committee on Water Data

Member, Committee on Implementation of Open Watershed
Research Program

Member, Committee on Water Resources Research - Task
Force on Metropolitan Area Water Systems

Stanton J. Ware

Secretary, FCST Committee on Water Resources Research

Chairman, Vector Control Committee, Water Resources Council

Fiscal Aspects of the Program

Federal Funds Provided for Carrying out the Purposes of the Act

Federal funds appropriated to carry out the purposes of the Act from the date
of its passage, July 17, 1964, through December 31, 1969, total $50,296,000. The
annual appropriations were $3,450,000; $6,396,000; $6,910,000; $11,130,000;
$11,181,000, and $11,229,000, respectively, for fiscal years 1. '5, 1966, 1967,
1968, 1969 and 1970, It has not been necessary to withhold any portion of an
appropriation available for allotment to any State.

Funds appropriated for the Fiscal Year 1969 program were $5,100,000 for
annual allotments of $100,000 to each of the 51 State institutes; $3,000,000 for
91 matching grants which were awarded to 36 of the institutes; $2,000,000 for 31
contracts and grants under the Title II program; $506,000 for the Water Resources
Science Information Center; and $575,000 for expenses of the Office of Water
Resources Research.

The amounts of annual allotments and matching grants made to the States and
the amounts disbursed to the State institutes in Fiscal Year 1969 are shown in
Appendices A and B, respectively; Title II program awards and disbursements in
Appendix C; the expenses of WRSIC in Appendix D; the administrative expenses of
OWRR in Appendix E; and the status of funds appropriated in prior fiscal years in
Appendix F.

The Fiscal Year 1970 appropriation of $11,229,000 provides $5,100,000 for
annual allotments of $100,000 to each of the 51 institutes; $3,000,000 for matching
grants; $2,000,000 for research grants and contracts under Title II of the Act;
$506,000 for the Water Resources Scientific Information Center; and $623,000 for
expenses of the Office of Water Resources Research.
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Estimated obligations during the calendar year ending December 31, 1969, are
shown in Appendices G, H, I, and J.

Non-Federal Support of the Program

The importance of State-Federal cooperation in conducting this program is
evident in the substantial amount of non-Federal cost participation in the annual
allotment (Section 100) part of the program even though such participation is not
a program requirement. The State institute directors were asked, in submitting
their Fiscal Year 1969 annual reports, to provide an estimate on non-Federal cost
participation as related to this part of the program for the year. A summary of
these estimates from the 51 institutes indicated that the non-Federal cost partici-
pation exceeded $3,480,000, or about $1.00 for every $1.47 of Federal support.

With respect to the matching grant (Section 101) projects, in which non-
Federal moneys, or their equivalent, are required to equal or exceed the Federal
funds, the State institute directors estimated expenditures of non-Federal tunds
to exceed that of Federal funde by $590,000, or about 26 percent more than corres-
ponding Federal expenditures.

Under the Title II program, in which non - federal contributions are not re-
quired, Title IT contractors and grantees report the estimated expenditure of
$324,025 in non-Federal funds or about $1.00 for every $6.25 of Federal funds spent.

Dow the Money was Spent

In the 1969 annual allotment program, the institute directors indicated that,
of the total Federal funds provided, three-fourths (75.5%) was for salaries and
wages; 6.6 percent for non-expendable property, including research equipment; 8.0
percent for supplies and materials and other expendable property; and 9.9 percent for
mis, 3llaneous costs such as travel, automatic data processing, and other services.

Of the estimated non - Federal contributions in the annual allotment program,
approximately 29.6 percent was in the form of salaries and wages of professional
staff who participated in this program; 49.7 percent for indirect costs and
employee fringe benefits relating to the allotment program; 16.7 percent for the
fair use-value of non-Federal equipment, facilities, etc., used in the program;
and 4 percent for other services and costs.

In the cast of matching grant (Section 101) estimated expenditures of Federal
funds in Fiscal Year 1969, a high parcentago (76.4) was for salaries and wages; a
somewhat higher percentage for property (7.9 percent for non-expendable and 7.3
percent for expendable); and a lower percentage, 8.4 percent, for other costs.

Of the non-Federal matching funds provided for Section 101 projects, an esti-
mated 40.8 percent went for salaries and wages; 53.4 percent for indirect and
miscellaneous costs including employee fringe benefits; 3.9 percent for non-expend-
able property; and 1.9 percent for expendable supplies and equipment.

Thus, a high percentage of the Federal funds for both annual allotment and
matching grant projects was spent on salaries and wages. Although information on
total man-years of effort is incomplete, data available indicate that, for annual
allotment projects, principal investigators and professional personnel receiving
P.L. 88-379 financial support worked over 115 man-years compared with student re-
search assistants, who put in about 253 man-years of effort. In connection with
matching grant projects, professional staff members and student assistants provided
over 237 man-years of effort in Fiscal Year 196q. Nearly all Title II research is
conducted by academic institutions through research grants and by commercial organi-
zations through research contracts. Reported expenditures of Federal funds for the
Title II program in Fiscal Year 1969 show that about 45.6% was for salaries and
wages; 1.0% for non-expendable pronerty; 6.2% for supplies and materials; 13.5% for
miscellaneous costs; and 33.7% for indirect costs including contract fees.
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At the State level, the 51
Water Resources Research
Institutes approved under
PL 88.379 are focal points
in the cooperative resea:ch
arid training program.

Assistant Secretary Klein greeting the
State Water Resources Research Institute
Directors at the UCOWR meeting in Reno,
Nevada. Assistant Secretary Klein on
right, Or. Warren Viessman Jr. of the
Nebraska Institute in center, and
Professor William G. Walton of the
Minnesota Center extending his hand, on
left. Associ ate OWRR Director Eaton in
background. Photo by 1. L. Despard. Reno. Nevada
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Shown here are Assistant Secretary Klein and OWRR Associate Diector Eaton
of Interior witn the Directors of the State Water Resources Research Institutes
at a UCOWR meeting in Reno, Nevada June 30, 1969. highlight reports by the
State Directors constitute Part IV of this report. ore by 1. I. Despard, Reno. Nevada
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PART IV

HIGHLIGHT REPORTS BY THE 51 STATE INSTITUTE DIRECTORS

SECTION 307 OF THE WATER RESOURCES RESEARCH ACT OF 1554 AS AMENDED

REQUIRES THAT THE SECRETARY'S ANNUAL REPORT TO THE PRESIDEI:T AVD TUF

CONGRESS SHALL INCLUDE AN ACCOUNT OF THE WORK OF ALL INSTITUTZS FINANCED

UNDER SECTION 100 OF THL AC1. IN THIS, AS IN PREVIOUS DEPARTMENTAL

REPORTS, THE ANNUAL REPORTS OF THE STATE INSTITUTES OR CENTERS HAVE PRO-

VIDED MOST OF THE INFORMATION CONCERNING P.L. 88-379 ACTIVITIES AT THE

STATE AND LOCAL LEVELS, THE INSTITUTE REPORTS SUPPLIED INFORMATION ON

RESEARCH, MANPOWER, AND TRUMING ASPECTS INCLUDED IN PARTS I AND II OF

THIS REPORT. PART IV OF THIS YEAR'S REPORT CONSISTS OF AN ABBREVIATED

STATEMENT BY EACH OF THE 51 STATE INSTITUTE DIRECTORS. THESE REPORTS,

REPRODUCED WITH A MINIMUM OF EDITORIAL CHANGES, HIGHLIGHT SOME OF THE

WATER-RELATED PROBLEMS IN THE RESPECTIVE STATES, PROVIDE EXAMTI:S OF

THE RESEARCH BEING DONE ON THESE PROBLEMS, INDICATE WHAT IS LIKELY TO

BE THE MAIN THRUST OF THE PROGRAM IN THE NEXT FEW YEARS, AND DESCRIBE

SOME OF THE ACADEMIC AND PUBLIC INVOLVEMENTS, AND OTHER P.L. 88-379 -

RELATED ACTIVITIES DURING THE PAST YEAR. READERS OF THESE STATE-BY-

STATE ACCOUNTS WILL AP'RECIATE THE DIFFICULTY OF ATTEMPTING 10 PRESENT

THE HIGHLIGHTS OF THIS DIVERSIFIED COOPERATIVE PROGRAM IN APPROXIMATELY

750 WORDS--THE LENGTH SUGGESTED TO THE STATE DIRECTORS--AND, TO GET MORE

DETAILED INFORMATION THAN COULD BE PRESENTED HERE, MAY WISH TO CONTACT

THE RESPECTIVE STATE INSTITUTES (SEE APPENDIX S FOR ADDRESSES).
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ALABAMA

James C. Warm., Director

Alaba.la is blessed with abundant rainfall, enormous ground-water storage
reservoirs, and extensive syetems of rivers and streams. Increasing demands arc
being made for more clean, fresh water, however, and means must be found for
making the maximum beneficial use of this natural resource in orler that all
segments of society may be given due and equitable consideration in future commit-
ments of the resource.

Alabama's water problems are more correctly described as environmental
problems that affect and are affected by human resources, water and land resources,
and economic resources. Current and anticipated problems are principally in the
areas of water quality management and protection, water resources planning, water
quantity management and cL)trol, water cycle, and nature of water.

The Institute program will continue to emphasize problem oriented research
on water quality (A-004, 011, 012, 016, 017, and 8.015, 017 and 028-ALA), planning
(A-010, 015-ALA), and quantity (A-005 and 8-q10, 018, 019, 020, and 025-ALA).

Results from completed project A-008-ALA provide cost information useful to
textile plant supervisors in selecting a waste teatment facility and estimating
its construction costs. Project 8-007-ALA has received world-wide recognition
for information on hydrology of limestone terranes and for preparation of an
annotated bibliography of over :!000 references, soon to be distributed as part of
the program of the International Hydrologic Decade. Project 8-012-AtA identified
problems and conflicts in water use and control and suggested legislative alter-
natives in view of present and anticipated problems.

Dr. Daniel L. Leedy of OWRR visited the Institute and was most helpful in his
review of research projects at Auburn University, Tuskegee Institute and the Uni-
versity of Alabama March 30 - April 2, 1969. The Water Resources Research Insti-
tute, through its Director, was involved in many activities beyond administration
of research projects. Hr. Warman was a Member of the Ad Hoc Committee of Directors
assisting OWRR in planning its Water Resources Research Conference for January,
1969; and continues as a Member of a three-man Task Force assisting the State
planning and Industrial Development Board in preparation of a comprehensive water
and related land resources planning program. He presented papers on (a) results
of project 8-008-ALA at American Water Resources Association Symposium "later
Balance in North America", June 23-26, 1969, at Banff, Alberta; (b) Federal fund-
ing for water pollution control and sanitation at "Seminars in Public Administra-
tion" July 29-30, 1968 at Tusktgee Institute; and (c) technical writing at the
"State Outdoor Recreation Planning Seminar", March 17.21, 1969 at Auburn Uni-
versity, sponsored by Southeast Council of State Outdoor Recreation Planners, USDI
Bureau of Outdoor Recreation, and Auburn University. Mt. Warman served on the
committee for selection of U.S papers for presentation at the International
Srsposi us on Hydrology of Deltas, Bucharest, Romania. May 1969; and on the com-
mittee for selection of U. S. papers for presentation at the International
Symposium of Land Subsidence, Tokyo, Japan, September 1969; Delegate to UCOWR; on
the Board of Directors of the American Water Resources Association; on the Board
of Directors and as Secretary of the Technical Division, National Water Well
Association, and was appointed Chairman of Technical Division Program for the NWWA
Annual Meeting in St. Louis, September 28 October 1, 1969; Mt. Warman directed
the graduate student seminar (AS-690) on effective technical writing during the
fall quarter (October - December 1969) for the Department of Agricultural leo
nonics and Rural Sociology, School of Agriculture, Auburn University.

Problems in conduct of the Institute's program center around irsufficitnt
fund,. Costs of conducting research projects have increased significantly since
inception of the Annual Allotment Program under P.L. 88.379, but the Federal funds
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now available remain fixed at $100,000. Hopefully the Act might also be modified
to permit payment of employee benefits.

ALASKA

R. Sage Harphy, Direc:or

Alaska's Water Problems

The water problems within this state can be broadly classified as naturally
poor quality and excess quantity during the annual thaw. Remoteness, small popu-
lations, and cold weather intensify these problems. However, a turning point; in
Alaska history occurred in the late summer of 1968 when the North Slope (the
coastal plain between the Brooks Range and the Arctic Ocean) oil discoveries were
announced. It is a conservative estimate that a tripling of industrial activity
will occur within the next five years. Our original water resource problems will
not only be intensified, probably as a power function of increased activity, but
many new ones will emerge which are only now being assessed.

The opening of the true Arctic, heretofore a geographical area which has
never been adequately investigated, has been the focal spot of international oil
activity. Tho creation of all this activity within a 550,000 square mile state
which, with a few notable exceptions, ie free of pollution and other waste re-
source problems, is a challenge. It is this challenge the Institute will attempt
to meet. Studies will be concerned with all facets of water resources but the
primary concern will be to support industrialisation while preserving the water
quality at a nearnatural level.

Institute'.? Hain Thrust

The next five years will be extremely important to the Institute as this
will be the period when the industrial expansion mentioned earlier will be in its
log growth phase. It is intended that the primary function will be applied re-
search which will be utilized by both industry and state government to augment
various water resource plans. Some rather basic work will continue, but the
applied area will be predominate in our thinking. It is expected that significant
amounts of funding will be available to this organisation for water-related re-
search from ind Atrial Eras and other agencies in the state and federal govern-
mental structure.

Coayleted

Research which has been completed with project funds frog the Office of Water
Resources Research can be classified into two categories! a) basic studies which
add to the general knowledge of highly specialised fields, and b) applied re-
search which has directly aided in the solution of water resource problems. Of
the latter category, several projects have resulted in significant contributions.
A few examples are summarieed in the following paragraphs.

The study of "Hest tosses in a Circulating Water Distribution System in Sub -
Arctic Alaska" (A0181,AS) resulted in a well received publication suitable for
the use of newly arrived engineers who are not cognisant of such distribution
systems. The U. S. Public Health Service, among others, has indicated this manual
will be required reading for all their engineers upon arrival in the state.

Research entitled "BiologIcal Degradation of Wastes under Psychrophilic
Environments" (A014-ALAS) has contributed to a better understanding of the
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microbiological procosses taking place during the winter months in Alaska. One of
the more significant aspects of the study indicated the activated sludge process
is unaffected by low temperatures while the removal rate in streams is.

Other Activities and Accomplishments

In the past the institute had been largely a clearing house for water related
research. It was apparent that coordination of research, scattering of equipment,
and the lack of a central organizational structure tended to dilute the research
effort. Therefore, our trend will be, from this point forward, to build a full-
time research staff, officed within a contiguous area, thus enhancing an inter-
change of ideas from various disciplines.

The one exception to the above will be a close working arrangement with the
Institute of Marine Science, a large research organization located in the same
building we occupy. Their well-equipped laboratory and excellent staff have been
found to be extremely helpful in our efforts, particularly with respect to some
of the estuarine studiez with which we are engaged. I foresee a much closer
alliance of the two groups in the future. Since they are also a water-oriented
group, any cooperation should be beneficial to both groups.

Every professional staff member is engaged in some teaching activity, usually
one course at the graduate level. As a group we are also responsible for the
undergraduate courses in hydraulics, hydrology, and sanitary engineering. The
total teachisig load is usually one three-hour course per semester.

An Institute Newsletter was established duri.4 the year. This publication is
designed to serve a number of purposes, not the least of which is to save money.
It is designed to briefly review, in non-technical language, the results of each
completed project and the significance of recently funded projects. We believe
this approach is important in order to make the general public (including state
and national office holders) aware of our restarth and its significance. In addi-
tion, the Newsletter will introduce new staff members, important public speaking
events concerned with water, and legislation important to the water resources of
Alaska.

We will continue to have our reports published and distributed to the other
50 institutes, but will only mail reports to others if they are requested on an
individual basis. It appears, from our first trial edition, that a wider distri-
bution of our work will be effected, and that the total cost of publications will
be reduced.

ARIZONA

A. Richard Kassander Jr., Director

Techlically, Arilona's water problem is very simple. Politically, economi-
cally, and sociologically it is terribly complex. At a simple technical matter,
our ground-water reserve is being overdrawn at a rate of approximately 3.5 million
acre-feet per year, a rate substantially in excess of SO per cent of the con-
sumptive use. The result is a continual lowering of the water table resulting in
a continual increase in water cost. Over 90 per cent of this water is used for
irrigated agriculture, an important source of income to the State's economy.
Projections of economic disaster can be made for practically any time period
depending on the basic assumptions .1f the model.

Manufacturing, mining, and tourism are expanding rapidly in the State and
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the economic benefits per unit of water consumed are enormously greater than for
agriculture. However, the mere postulation that agriculture should be replaced
by these other activities is meaningless unless it can be accomplished at a
greater rate than at present. Moreover, the State's water law does not favor
prevention of irrigated agriculture to "bank" the resource for the future.

There are currently rather important moves at the State level to develop an
agency responsible for comprehensive State water planning, partly as a result of
the U. S. Congressional authorization of the Central Arizona Project. It is to
this end that the program of the Water Resources Research Center is designed to
be most responsive.

A study of the evolution of the Center's program would reveal that initially
it consisted of a number of only coincidentally related projects designed to
develop background information in specific areas. Gradually we have attempted
to integrate these so that we feel we now have a fairly well balanced program
oriented primarily toward planning and management with a good infusion of study
of socio-economic factors as well as systema-oriental model building. We anti-
cipate that the next five years will see much more coordination with State plan-
ning, depending on the direction in which that moves. We are making additional
plans for closer interaction with our advisory group, the Arizona Water Resources
Committee, in order to be even more responsive to State problems. All of our
projects have been chosen to be focused on the goal of rational comprehensive
regional planning and management of the water resource. Some are related to
specific gaps which need to be filled to complete the picture.

We cannot give specific examples of completed projects which are being used to
solve problems. We can give a number of examples of projects which should be.
Although nspects of the project continue, the information and methodology developed
under A-008, "Geophysical Investigations," and its earlier counterpart could be
used to good advantage. The three phases of "Trace and Tracer Chemicals" and the
equipment developed thereunder could find immediate application in management.
Gravel-covered plastic catchments under 8-005 are ready for application in selected
situations.

Our inability to give a more positive answer to this last point and the
recognition of need for further interactions in the public benefit have caused our
University Advisory Committee to recommend an expansion of the activities of the
birector's Office to initiate a program designed to better catalogue local data
and information sources so that we can better serve the academic community as well
as the public sector. The goal of this will be to get information much more
quickly to serve the needs of research as well as application.

During the coming year we hope to start by systematically reviewing the pa,:
research accomplishments of the Water Resources Research Center and then devising
methods of periodic review of these findings against the requirements for compre-
hensive planning. This process should first of all considerably reduce the gap
between research finding and application because it will enable us to kno' the
opportunities for application. This is not quite as easy as it sometimes appears
to be.

A second important result of this process will be to create a feedback
mechanism to produce a more rational basis for encouraging and selecting projects
in future years.

The process cf collecting and cataloguing research data and results and com-
paring these against a comprehensive water plan, if such is to exist, could easily
be a central goat for a five-year program.

The State, through the regular budget of the University, is making a very
subathatial contribution to the Center's program. We would estimate that our
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institution ;i contribution is more than double the allotment grant portion of the
program.

ARKANSAS

Aubrey E. Harvey, Director

Because of the large number of streams and rivers in Arkansas, and the
relatively recent impoundment of many of the streams, Arkansas' current water
problems .enter around water quality, especially as related to impoundments.
Three or the Arkansas Center's projects (A-008-ARK, A-011-ARK and 8-002-ARK) deal
with methods of assessing water quality, and four projects (A-007-ARK, A-009-ARK,
8-002-ARK, 8-012-ARK) are concerned specifically with impoundment effects on
water quality. Results of these projects are already being used to solve water
problems in the State.

Mr. ginson and Ht. Raible of project A-008-ARK, "Digital Systems for On-Site
Data Collections for Water Quality Analysis," have assisted the U.S. Department
of the Interior, Fish and Wildlife Service, Stuttgart, Arkansas, in the measure-
ment and control of oxygen for a project relating to consumption of oxygen by
fish and with other measurements. Mr. Raible served as a consultant to a project
at the University of Arkansas Medical Center concerned with rapid changes of oxy-
gen level in the messuremint of reaction rates of flavoensyme oxidate.. It is

of interest, also, that this project produced a water scientist capable of
stepping immediately into the position of Director of the Robert S. Kerr Water
Resources Center, Ada, Oklahoma.

Dr. Joe Nix, principal investigator of project 8. 002-ARK, "Distribution of
Trace Elements in Impoundments," has consulted with representatives of South-
western Research Associates of Houston, Texas, regarding their study of the
discharge of chloride into Lake Catherine, Arkansas, as a by-product
from a Union Carbide vanadium mining operation. The entire staff of this project
has cooperated with the Creers Ferry National Fish Hatchery in conjuration with
water quality problems in the hatchery water supply. Recommendations were made
for water treatment to reduce the manganeve concentration in the water. Dr. Nix
also consulted with the Soil Conservation Service personnel concerned with small
watershed impoundments built under P.L. 566.

Reports of project 8-001-ARK, Water Resources Planning Studies -- Arkansas and
Oklahoma--have been used by the Arkansas-Oklahoma Compact Committee. This

Committee was formed with the Specific purpose of apportioning the joint water
resources of Arkansas and Oklahova. Completed project A-002-ARK, "Design and
Development of an Automated Sub - litigation System," has attracted considerable
interest incluling international inquiries. However, large scale application
of this Irrigation method has been discouraged pending further research..

9141 tA331pAcjiyilki

Principal investigators of most of the Center projects were active in meet-
ings of various technical and scientific societies duling the year, many of them
presenting papers at these meetings. Public involvements were many and varied.
For example. Dr. Testerman of project A- 008 -ARK assisted the Pulaski County
Special School District, Fuller School Complex, in the design criteria on
aerobic treatment of sanitary wastes, particularly when the medium is kept at a
reasonably constant elevated temperature, Techniques for monitoring properties
of wastes by instrumentation were discussed, also, with local civil and electrical
engineers.
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The principal investigator of project B-002-ARK serves as Chairman, State
Committee on Stream Preservation, a committee established by the 1967 Arkansas
Legislature. He presented a statement at a public hearing of the Arkansas
Pollution Control Commission concerning possible effects of heated water which
will be discharged from a nuclear generating facility being constructed on
Dardanelle Reservoir.

The Center Director spent considerable time, during the year, in discussions

with faculty members of colleges and universities throughout Arkansas regarding

possible participation in the P.L. 88-379 program. In developing a Title I

program for Fiscal Year 1971, projects from other schools within the State will

be considered along with those developed at the University ofArkansas.

CALIFORNIA

Arthur F. Pillsbury, Director

California has a long history of water storage and water transfer schemes;
schemes that have solved many problems and have created others. The State, in
the face of continued excessive groundwater mining, and large transfer schemes,
will, in the future, have to te-iliso its groundwater basins more to coordinate
imported supply with demand, and to provide assurance of continuity of supply in
event of disaster. This changing role of groundwater gives rise to a host of
problems. Research on inductive electromagnetic methods for mapping and evaluating
aquifers is progressing well (8-067-CAL). In another approach, various madle-
matical models of groundwater basins have been developed. These models are being
tested and evaluated for applicability toward a better understanding of the com-
plex Livermore Valley groundwater basin (B-066-CAL).

Other groundwater research projects explore the concepts of optimisation
through systems analysis for application to the management of groundwater basins.
One such project has concentrated on the problems of sea water intrusion into
coastal groundwater basins, and is escpected to provide design for economic
optimitstion of corrective measures (8-041-CAL). A second project concentrates on
optimization of conjunctively managed groundwater basins with emphasis on the
pumping and recharge facilities required, and the findings are now being summa-
rised and analyze.' (8-006-CAL). A third project, more theoretically oriented
and in its early stages, is entitled "System Identification and Multi-Level
Optimisation of Integrated Groundwater Supplies" (A-033-CAL).

iroject A-032-CAL, related to the problem of groundwater basin "salt balance",
utilises mathematical models wherein groundwater dynamics and salinity diffusion

are being formulated as two- or three-dimensional partial differential equations
with non-linear and timevarying parameters. Solution is being undertaken on a
hybrid computer wherein a special analog computer is being developed to be coupled
with a digital computer. The equations can be adjusted to the peculiarities of
each basin to provid. solutions not heretofore possible in defining when and where
brackish groundwater. will be encountered.

The problems of cost and effective performance of tile drainage are so ie..
portant to the future prosperity and environmental quality of California that a
tvpronged attack has been developed. One project is studying drainage design
as influenced by conditions In the vicinity of the drain line (A -031 -CAL), and
another deals with physical, chemical, and microbiological factors affecting the
discharge of water into drain tile (A-029-CAL). It is visualiaed that a process
for disposing of saline groundvaters by tile drains may be applicable as such to
urban as to agricultural lands.
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Project B-017-CAL has devised a dynamic input-output and mathematical program-
ming analysts of western regional water resources. it began with basic research
on criteria for public policy on developing and allocating water in arid and semi.
arid regions. It has made excellent progress in application of regional input-
output methods of analysis to the California water economy to determine water
demand interrelationships. An input-output table has been constructed for the
state's economy, growth projections made to the year 1990, and a model constructed
for a block of eleven western states. This has led to the forward-looking intro-
duction of a dynamic analytical element into the multiregiJnal model which will
enable examination of the economy through several distinct ti-me periods. Wide-
spread interest has been expressed in the results of this research.

California, further, has been in a pioneering position in other aspects of
water resources planning rese.xch. Project B-001-CAL placed major emphasis on
optimization for power generation, with attention to peaking power, and for water
releases from the many storage reservoirs involved in the California Water Plan.

This effort has been directly utilizod by the State in its planning. Project
13-061-CAL is placing emphasis on defining critical period hydrology in conjunction
with reservoir design and operation, and is utilizing the concept in evaluating
possible water deficiencies for project planning purposes.

Other aspects of ;limning research under way include studies of on-farm
irrigation water supplies and coats in relation to cropping systems and production
adjustments (13-068-CAL); a comparative study of the use tax as a means of allo-
cation of water rw!virces in a conjunctive use system (A-025-CAL); a study of
9ublic attitudes toward reuse of reclaimed water for various purposes (A- 030 -CAL);
an in-depth study of the development of water resources in California in relation-
ship to plans and programs forwestern regional water development (8 -009 -CAL); and
the allocative impacts of Federal and State water development law (8-065-CAL).
These projects are all carefully coordinated to provide the State with the best
possible planning information.

Within the limits of this brief description, it is not possible to describe
all of the research in progress. The Center maintains close working relationships
with the nine major campuses of the University and supports highly selective
projec.s amont them to the extent of available funds.

COLORADO

Norman A. Evans, Director

Introduction

Colorado Natural Resources Center activities are concerned with research
in water problems facing the State and the Nation; training of water scientists
and engineers for the task of research, planning and development; and expediting
the flow of communications and exchange of information between those engaged in
research and those engaged in application of research.

Colorado litter Problems

A sweeping revision of Colorado lava governing water administration was
initiated by the 1969 Colorado General Assembly. The goal is more flexibility
in managing the water supply, especially conjunctive surface and ground waters.

To implement and take full advantage of the legislation, nev research is
necessary. Pot example, usable techniques will be needed for predicting effects

122



of changes in surface water diversion patterns or in ground water pumping patterns
on the total surface-ground water system in a basin. Effects on return flow
patterns of local evapotranspiration from crops and phreatophytes will be impor-
tant. Evaluation of the benefits from winter irrigation as practiced in the
Arkansas River basin will be needed to determine if the practice can be dis-
continued in favor of off-season storage. Effects of agricultural commodity
marketing orders and practices on water use patterns need to be determined. Water
user attitudes, perceptions, and acceptance of the new mode of water administra-
tion should be evaluated.

Environmental quality control will continue to demand research attention and
effort. Among the more pressing problems are: salt load control in return flow
from irrigated land; feedlot pollution control, waste disposal methods and odor
control; domestic waste disposal at mountain recreation and dwelling sites; and
reclamation and stablilization of mine tailing dumps to prevent sediment and
chemical pollution of surface waters.

Ecological research will play an increasingly important role in Colorado
water management planning. Reservoir conditions in high Altitude pumped storage
systems with special reference to fishery potential is one example where new
knowledge is currentl., needed.

Water supply development and management for the eastern front nines area of
heavy population and industrial growth will demand accelerated economic, socio-
logical and legal research in view of the limited water supply presently avail-
able. Local governments can no longer afford to approach water supply and dis-
tribution independently.

New Research to Solve Problems

Allocation of funds for new research is based on relevance to Colorado
problems. An advisory committee of representatives from each water-related state
agency and the Director of the State Department of Natural Resources assist in
identifying major problems.

Waste treatment processes under low temperatures, such as are found in
Colorado's mountain communities, will be investigated in Project A- 007 -COLO. The
result will be more reliable treatment plant design criteria for these conditions.

Combined cooling and biotreatment of beet sugar factory condenser effluent
will be investigated as s solution to the major water pollution problem still
facing that industry. (Project A- 008 -COLA)

The Colorado water pollution control monitoring and enforcement program,
now in its formative stage, will be reviewed by a team of engineers, sociologists,
and economists in an effort to provide constructive suggestions for its further
development. (Project A010.00L0) the economic and institutional consequences
of water quality standards now in use will be evaluated in Project 11-042-0010.

The effect of new water legislation adopted in 1969 will be studied under
Project A-011-00LO to monitor the economic, political, atel legal consequences
and to identify at an early stage any modifications needed.

New project 1l- 022 -COLD will provide important new information about the
amount of ground water contributed to alluvial aquifers from underlying bedrock
in Colorado river valleys. This knowledge will contribute to the successful
management of integrated surface-ground water systems now contemplated under the
revised water laws.

Guidelines for assessing eater pollution potential of waste effluent dis
posal at mountain dwelling and recreation sites will be developed under Project
B-023-COW. A basis for classifying waste disposal sites should result.
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Research Results in Action

Guidelines to cattle feeders for liquid waste control from feedlots were
recently developed by a committe representing feeders, consultants, State
Pollution Commission and the Natural Resources Center. Information developed
in Project A-001-COLO was utilized.

Extensive application of stream bank stability criteria developed in
Projects A-002-COLO and B-014-COLO has been made in planning highway construction
through the Rocky Mountains in Colorado and elsewhere to prevent erosion and
sediment pollution.

A critique of the efficiency of research and special studies contracted by
the State Water Conservation Board over the past several years was one of the
results of Project A-005-00LO. Recommendations on future use of this method of
obtaining needed data and information were provided to the Board.

Project A- 001 -COLD produced an inventory of ground water pollution sources
and movement in a local problem area which was used for planning purposes by local
and state agencies.

Public Service

The Natural Resources Center has sponsored public conferences and symposia
to disseminate information on State and National water-related issues. The annual
Western Resources Conference is jointly sponsored by the four major State uni-
versities doing water resource research. In addition, a State Agency-Resources
Center conference is held annually to acquaint agency personnel with current re-
search and to develop closer personal ties among the two groupr. Various inter-
disciplinary committees provide advisory assistance to regional planning bodies
in Colorado.

General

The Education Committee of the Natural Resources Center formulated criteria
for an interdisciplinary graduate program titled "Natural Resources Administration!'
Another graduate program is being developed by the Urban and Regional Planning
Committee of the Center. This will focus on planning outside the municipal area
and will take advantage of established expertise in Forestry, Outdoor Recreation,

Fishery, and Wildlife Management at Colorado State University. This program is
being coordinated with a developing program in City Planning at the University
of Colorado.

Major limitation to water research program growth continues to be lack of
adequate matching funds from non-federal sources.

CONNICIICUT

William C. Kennard, Director

Current and Anticipated Water Problems

The principal problem currently facing the State of Connecticut with regard
to water is one of quality. In a high rainfall area such as exists in the
northeast, it is logical to expect that quality rather than quantity of water
is of paramount importance. This problem will become more scut. as the population
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increases (Connecticut is projected co increase from 3,000,000 to nearly 4,000,000
within the next five to 10 years and to 5,000,000 people by the year 2000). Such
increases will place additional heavy burdens on the already overtaxed water re-

sources of the State. Similar problems of heavy population densities, increased
industrialization and urbanization exist also for the other New England States.

Main Thrust of the Institute Program,

We will cont?nue the Institute's broad program of both applied and funda-
mental research in a wide range of academic disciplines. One new action is of

special interest. The Institute, in exploring ways in which the impact on the
State of its research activities could be enhanced, decided to "adopt" one river
watershed for continuing emphasis. Because of its size and importance in eastern
Connecticut and because of its proximity to the campus, the Willimantic-Shetucket
River Watershed was selected for this purpose. During the next several years,
staff and graduate students in many departments will be encouraged to undertake
studies related to this area. The results, thus, not only will have scientific
value, but also will be of direct practical value in the future development and
use of th4s important natural resource. One new project (A-026-CONN) will be
concerned with algal communities in three sites on the Willimantic !liver. Addi-
tional studies will be activated as resources permit. In our basic research in
physics and chemistry we will continue fundamental studies relating to the water
molecule itself (A-023-CONN and A- 013- CONN). Studiel in the engineering sciences
will continue with emphasis on fluid mechanics (A- 02l- OONN), hydrology (A- 020 -CONN)
chemical engineering (A-019-CONN), and sanitary engineering (A-025-CONN). Studies
on biology also will be continued (A-027-CONN, A-022-CONN, A-018-00NN, A-014-CONN
and A-001-CONN). Further studies on 'he legal aspects of water management will be
conducted under a new project (A-028-0)NN) which will be concerned with legal and
administrative practices relating to lake pollution. We intend, during the next
five years to have the special thrust of the Institute be on studies relating to
understanding and abating pollution of the State's surface and ground water
supplies.

completed Research Being Used to Solve Water Problems

Demonstration under A- 010 -CONK that the reverse filter technique could be
used to control erosion has been put to practical use. The rock sausages are
being used to direct highway water runoff without soil erosion and in the spill-
ways of dams of several small lakes. Research under A-003-00NN will be used in
the management of fish in streams and rivers of Connecticut. The thorough reviews
conducted and publications prepared under A- 012 -OONN will assist, from the legal

point of view, in the orderly development of Connecticut's water resources for
many years to come.

Other Activititt and Accarmyshaents

The institute Director, Dr. V. C. Kennard, was a member of a special com
mates of the Connecticut General Assembly which proposed legislation on the
preservation of wetlands. It was adopted in the 1969 session of the Assembly.
The seminar program of the Institute was continued with eight lectures being

given during 1968-1969. These lectures attracted staff and students from the
University as well as people from a wide range of private and public groups and
agencies throughout Connecticut. A six-man planning committee was appointed to
develop the lecture schedules and speakers for the 1969-19)0 academic year.
Three of the members are University staff and three are from state and private
groups. It is obvious that involvement of people from outside the University
will enhance the seminar program. The Institute Director, Dr. W. C. Kennard,
was named the University's representative on the Willimantic River Task force,
a group organised recently to focus knowledge and expertise on the problems and
potentials of the Kivu. In April 1969, the Institute joined with the Cooperative
Istenaion Service of the University of Connecticut and the Connecticut State
Department of Wealth in conducting a conference on treating and conditioning home
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water supplies. This was one aspect of the Institute's goal to serve the public
and to put to practical use results of pertinent research projects.

The State of Connecticut has continued its significant support of the Insti-

tute. Nine graduate students were financed during the academic year 1968-1969
with funds from State sources and two professorial positions were created and

filled. State funds also were allotted to the Institute for the purchase of
supplies and to pay the cost of essential travel.

DELAWARE

Robert D. Varrin, Director

Current and Anticipated Water Problems

Delaware's water problems result mainly from the rapid expansion of her
population and economy in a land area which is limited. The State is undergoing
a change from rural-small town to urban-suburban-industrial, i.e., a microcosm
of the Nation as a whole. Two phrases which can be heard daily and illustrate
the nature of the problem are the urban environment and the changing ecology.
Most of the research that the University of Delaware Water Resources Center has
and will undertake is directly related to these.

The Northeast United States was subjected to a severe drought during the
Sixties. The inadequacy of the water supplies :11 Delaware was quite apparent,
particularly ih the northern part. Many solutions have been proposed and they
range from the unification of some of the present systems to the importation of
water from out-of-state basins. The governmental bodies faced with these deci-
sions do not have the necessary information on which tc evaluate the alternatives.

The pollution of the Dalaware River and its tributaries is a major regional
problem but Delaware's position as the most downstream state and final recipient
of the pollution makes this a particular concern. Delaware contributor to this
pollution and the over-all solution must begin at home. Newer and better methods
for cleaning up our 'mites must be found.

Large areas of Delaware can be described as wetlands and many undeveloped
valleys still exist in their natural states. Many of these are now directly
adjacent to rban areas and encroachment is imminent. Since moat of the pro.
posed uses would upset the ecologic balance, the value of these lands as a
resource should be evaluated before development for other purposes is allowed.

Research Program Emphasis

The first reaponsibilit,, of our Center is to the water problems of Delaware
and our research program reflects this. Several .rojects are concerned with
the development of means for increasing the dependable water supply. Projects
A- 004 -DEL and B002441. dealt with the ground-water resources of the state,
projects A002111, and A-010-DEL looked at ways of increasing water efficiency
in the agribusiness industry and projects A- 003DEL and A-013rDEL were concerned
with economic and governmental aspects of -eater resources development.

Research has been performed in the area of waste-water treatment. Use of
polymers to increase efficiencies in treatment and transportation have been
studied in projects A- 005 -Dg. and A4619Det, respectively. A method for treating
sewage during transit is the subject of project A008DiL and a pilot Study in
the Wilmington system may soon be Initiated. The effect of boron td waste treat
sent is also being studied in A- 007 -IIL.

126



The problem of the fresh-salt water balance in Delaware's wetlands is the
subject of project A-006-DEL. The role of these lands as food producers to the

aquatic life must be better understood.

In the future, the systems approech will be emphasized. Only when its
effects on the entire system are known, can a specific problem be analyzed
properly.

Accomplishments and Activities

Results of our research effort have already been applied to the solution of
:rater problnms or improved water management in Delaware. The Delaware Water and
Air Resources Commission is using the ground water studies in their allocation
of water. A proposed consolidation of water agencies is based on a report pub-
lished by our Center. Controversy over the damming of an interstate stream for
water supply has been put into better perspective by an economic and engineering
study of alternative means of obtaining additional water. The objective view-
point that is taken by the Center lends great weight to the impact of the con-
clveions. The decision will now be made with more of the facts known.

The Water Resources Center continues as the focal point for water research,
education and information in Delaware. Students trained at Delaware and supported
through the Center have gone on to responsible positions in teaching, government
and industry. Since each student received support through a research project in
which he participated, the applications of the research results should thus find
their way into use more readily.

The Water Resources Seminar, sponaorei jointly with the Dapartment of Civil
Engineering, has an: will continue to present well -known speakers on varied water
topi,!s. News media report on these seminars and also publish many of our
research conclusions. Our image is illustrated by a quote in the Wilmington
Svening Journal on research accomplished under project A-003DEL: "The chief
conclusion reached by the professional staff of the university's Water Resources
Center is clear and persuasive."

FLORIDA

A. 0. Patteraon, Director

Florida continues to grow at an astounding rate in permanent population as
well as in numbers of visitors to the state. Its summer tourism now rivals that
during the winter. the efect on the economy by the possible reduction in the
space program at Cape Canaveral seems likely to be more than offset by the private
development of the large recreational project some sixty miles west. Citrus and
winter vegetables continue to be produced at ever increasing quantities as well
as sugar tsne and other crops. Cattle production as well is growing steadily.
Phosphate mining and the pulp and paper industries continue at high levels. All
of these interests combine to put pressure on Florida's water supply which,
although abundant, is not unlimited. Moreover, the largest centers of population
generally are found a'e.ng the coasts %Oiln the kiwge water supplies are costly
inland.

The present and anticipated water problems of Florida are, and prosier) to
continue to be, problems of distribution, both areal Ind temporal, and problems
of preserving the quality of the supply. The program of the Florida Center it
planned to give guidance to those intrusted with MAW management in meeting
their responsiblity in distributing the available water in an optirum manner.
for the next five years end longer it is believed the needs of the State can be



served best by the Research Center if its aim is to demonstrate ways to determine
bases for uecisions in water allocation and diversion, examine ways to decrease
water use, and concurrently to concentrate on studies toward preventing degradation
of the resource in the face of increasing population pressures. The program of
the Center now is pointed in these directions. Following are several examples.
Maloney's design of a model water use act of the State of Florida (A-009-FLA) will
provide the legal approach to water use in the State and Kubat's prediction study
of water use by urban and rural areas (A-010-FLA) as well as Reynolds' optimum
water allocation study in central and southern Florida (B-005-FLA) both provide
guidance in water allocations and the latter two are in the part of Florida that
is feeling first the pinch of water shortage because of the fierce competition for
water that has developed there. Maloney's book on Florida water law (A-001-FLA)
is one of the most comprehensive on state water law in the East and is providing
the babe for the preparation of the water use act. Myers' examination of ways
to reduce water use by improving the efficiency of irrigation methods (A-003-FLA)
and West's (A- CO3 -FLA) determination of the influence of inadequate supplies on
biological systems are both directed toward decreasing water needs without affect-
ing crop qualities or yields. Some of Florida's lakes are feeling the effects
of abnormally high rates of nourishment and are losing their values both as water
supplies and as recreation spots.

Putnam's study of factors affecting accelerated eutrophication of Florida's lakes
(A- 002 -FIA) with Brezonik's evaluation of the trophic state of lakes in north-
central Florida (3-004-FLA) are expected to reveal possible solutions.

Other activity: George Watkins, graduate student, gave a paper by him and
Daniel Kubac (A-010-FLA) before the Florida section, AWWA, at Fort Lauderdale on
"Patterns of Water Use by South Florida Households," and Kubat gave a paper,
"Awareness of Water Consumption by Socio-Economic Status" at a meeting in Boston
of the Rural Sociological Society. Maloney (A-009-FLA) discussed the model water
use act for Florida in a speech before a Water Law Conference at the University
of Texas in Austin. The paper by Baird, Myers, and Ross (A-003-FLA) "Precision
Measurement of Dew Point Changes with Electrolytic Condensation Hydrometer" pre-
sented at the 1968 annual meeting of the American Society of Agricultural Engineers
has been accepted by ASAE for publication in its Transactions. Cram (A-012-FLA)
and Varcoe presented a paper "Gas Chromatographic Separations in Neutron Activa-
tion Analysis," as a part of the International Symposium atGaithersburg, Md. on

Modern Trends in Activation Analysis. Dean (A-007-FLA) was selected to serve
a six-year term as one of three civilian members of the Corps of Engineers Coastal
Engineering Research Board.

The Director gave a talk on Water Resources Research in Florida at the 35th
Annual Citrus Growers Institute which was published in The Citrus Industry. He
served an co-chairman of an Environmental Engineering Conference on Water at
the University of Florida, which reviewed Florida's water pollution problems,
technical and legal methods for controlling them, and the costs. At the con-
ference Morgan (A-002-FLA, B-004-FLA) spoke on Estuarine and Coastal Waters and
Brezonik (3-004-FLA) spoke on eutrophication. Dr. Roland R. Renne, then Director
of OWRR, spoke on "Urban and Metropolitan Water Resources Problems." The pr,J-
ceedings were distributed to conferees and members of the Florida Legislature.
The Director helped update the water section of the University of Florida
Institute of Food and Agricult..ral Sciences' DARE report--Developing Agricultural
Resources Effectively--and he served in an advisory capacity to the Florida
Section, AWWA Water Resources Committee.

The Florida Center cooperated in bringing to the University of Florida campus
Dr. John R. Philip, eminent Australian research scientist, for a special series
of lectures on Physics of Infiltration and Micrometeorology.

For the first time since the Center was established the State of Florida
offered matching funds to help increase water resources research. With continued
help the Florida program will move ahead.
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GEORGIA

Carl E. Kindsvater, Director

In Georgia, the most striking characteristic of water resources and water
problems is their variety. From cold mountain streams to sluggish tidal estu-
aries; from regions of negligible groundwater to regions in which the ground-
water is almost inexhaustible; from great man-made reservoirs to vast natural
swamps; and from sprawling metropolitan and industrial centers to large plan-
tations-- Georgia's water resources image is indeed diverse.

The P.L. 88-379 program in Georgia has been based on the facilities, the
competence, and the staff interests at two of the largest units of the University
System of Georgia--the University of Georgia at Athens, Georgia, and the Georgia
Institute of Technology at Atlanta. It is administered through the Water Resources
Center at the Georgia Institute of Technology.

The P.L. 88-379 program has stimulated increased emphasis on water resources
research and education at the participating institutions. No overt attempt has
been made to reshape institutional programs specifically to satisfy research
priorities associated with the OWRR program. Neverthe103s, allotment funds,
augmented by State support, have been used to attract previously uninvolved compe-
tence to water-related activities. During the past year, faculty members from 12
major divisions at Georgia Tech and 7 at the University of Georgia were engaged in
OWRR- sponsored research. Active research projectareflect a remarkable correlation
with FC9T-COWR research priorities. This is paccly due to the researcher's prag-
matic reaction to priorities established by funding agencies. It is also a result
of the fact that the program includes a considerable number of Matching -Grant
projects which were selected by OWRR from a much larger number of proposals.
Included in proposals not approved for funding are some which reflect exceptional
research competence which is characteristic of the participating institutions.
This observation suggests that one of the purposes of Federal sponsorship of the
P.L. 88-379 program should be to combine the best talent and facilities of the
Nation into a coherent national program ofresearcl. It recognizes that diversity
among our Nation's universities is an asset, whereas conformity, imposed by
Federal funding patterns, may result in an inferior national program.

Significant accomplishments of the on-going research program include numerous
examples of immediate or potential application to local, regional, and national
water problems. Project A-002-GA (Eichholz), for example, has demonstrated that
changes in the total concentration of dissolved salts and the relative concentra-

on of sodium ions in groundwater could be used to increase or decrease a soil's
;ention capacity for certain kinds of waste products. Project A-004-GA (Hewlett)

nas resulted in a much better understanding of the influence of upland source
areas on surface and subsurface flows. The requite of Project A-006-GA (Carver)
were of direct benefit in responding to a request from the Governor to evaluate
the effect of tide-water phosphate mining on the Savannah, Georgia, water supply.
Another project (B-035-GA, Harland), has demonstrated that the Georgia estuarine
environment produces more food energy than any estuarine zone on the eastern
seaboard. Long-range planning for industrial water use will be greatly facili-
tated by a study of the water demands of 44 four-digit industries in North Georgia
(A-014-GA, McGregor).

Several Georgia projects have responded to widespread interest in urban water
resources. Six hundred copies of a report on the relationship between metropolitan
planning and river basin planning (Project 8-009-GA, Kelnhofer) have been distri-
buted and a second printing !s under consideration. Project 8-011-GA (North) has
developed information for estimating domestic water demands as a function of price
structure and consumer income. Two other projects (8-024-GA and 8-045-GA, York)
will provide improved measures of public opinion and perception regarding urban
water management issues.
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Water quality continues to receive major attention. Projects 8-012-GA and
B-027-GA (Flege) provide a basis for estimating the pollutional effects of textile
dye wastes as a function of quantity of fibrous material processed. Another proj-
ect, B-020-GA (Eichholz) has developed basic information which will result in
improved designs for rapid sand filters. Several other projects, in process or
near completion, have yielded information needed to improve a variety of design
and predictive processes.

Guidance for the P.L. 88-379 (Title I) program in Georgia is provided through
the Joint Tech-Georgia Advisory Committee on Water Resources Research. Extramural
guidance is provided effectively on an informal basis by maintaining close rela-
tions with appropriate local, State, Federal, and regional agencies. Evidence of
such relations is the fact that 16 representatives of 8 different agencies took an
active part in research-group activities organized around a Title II project
(C-1323). Additional evidence is the fact that the Director served on an Advisory
Panel for the Georgia State Planning Bureau and as a Consultant to the Southeast
Regional Office of the Federal Water Pollution Control Administration. He also
directs a research agreement which is administered through the Georgia District
Office of the U.S. Geological Survsy, and he coordinates a cooperative research
agreement between the Water Resources Center and the Southern Branch, Soil and
Water Conservation Research Division, Agricultural Research Service, U.S. Depart-
ment of Agriculture.

Training, particularly graduate education, is an important by-product of the
P.L. 88-379 program. In addition, the Water Resources Center at Georgia Tech
serves as the coordinating facility for campus-wide graduate programs related to
water resources. During the past year, the fifth and final year of a FWPCA
training program in Water Resources Engineering was completed, and a new five-year
grant for training in Water Resources Plateau and Management was approved. With
financial support from State and Federal sources, the Center sponsored 13 seminars
on water resources topics. A similar role of coordination is played by the Water
Resources Division of the Natural Resources Institute at the University of Georgia.

HAWAII

Doak C. Cox, Director

Water Problems in Hawaii

In spite of the impression afforded by lush vegetation, record precipitation
rates in rainy areas, and general excellence of public water supplies, a highly
developed water-development technology has always been needed in Hawaii to compen-
sate for high geographic variability in precipitation and for lack of surface
storage possibilities. Water problems are now compounded by a combination of
radical economic and political changes resulting ix rapid increases of population
and urbanization and a shift from an economy based on agriculture to one in which
tourism is a major base.

In the large areas being converted from agricultural to urban use, the water
requirements of areas previously under irrigation may be somewhat decreased by the
change, but the conservative uses are increased, and in other areas, completely
new water supplies must be developed.

The rapidly changing needs intensify inadequacies of the current methods for
appraisal of the unusual type of water resources in the islands. For example, in
the major ground-water bodies, the Herzberg lenses floating on salt water, almost
all of the assumptions required by conventional analytic techniques are violated.
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The quality of domestic water for supplies has always been of concern and
enviable standards have been maintained in most systems, but the increased emphasis
on tourism and recreation has led to a new emphasis on the quality of water
resources in general. At the same time, increases in population, increased mech-
anization in the agricultural industries, and increased industrialization are
leading to rapid increases in pollution problems and potential problems.

Increasing urbanization has led to greatly increased flood problems, in part,
perhaps, because of increasing rates of rapid runoff and certainly because of
encroachment on flood plains and underdesign of flood-passing structures.

The economics of water-resource development have, in many cases, been poorly
worked out in the past and the deficiencies are made more serious by the present
rapidity of changes. Past legal and institutional relationships are also rendered
inadequate by the changes.

Scope of the Water Resources Research Center Program

The future scope of the Water Resources Research Center's contribution toward
solution of the water problems of the State is uncertain because of the discrepancy
between its objectives and the financial resources so far provided fur their ful-
fillment. The objectives of the Center include its assumption, on behalf of the
State, of the major responsibility for basic research on the water resources of
the State. Its State appropriative support has, however, fallen far short of the
level required to produce a well-rounded program with respect to this objective.

All of the Center projects contribute toward meeting the problems, most of
them quite specifically. For example, geophysical studies beginning with a
shotgun approach (B-005, 008, 011-11.1) and continuing with conwitration along
especially promising lines (5-015-H1), are designed to increase ground-water
exploration capabilities. Studies on water tracing and dating (A-016, 021-HI) are
intended to contribute to the understanding of the recharge and hydraulics of
gronnd-water aquifers and other water resources. Pollution studies (A-001-HI,
B-010, 012-HI) are laying the basis for an understanding of actual and potential
pollutants, their paths and fates, the extent of pollution, and possible controls.
Flood studies have been commenced in a pilot project (B -003, 006-HI). Studies of
water-resource economics have been begun with the small-scale methodology study
on sugar cane irrigation economics (A-012-HI).

Use of Research Results

Already some of the results of research are ready for or actually in practical
use. A study of the troublesome color of domestic waters from rain-forest areas
(A-013-HI) has clearly indicated applicable treatments. Studies of resistivity
have not only indicated the applicability of this geophysical exploration method
under certain Hawaiian ground-water conditions, but have led to application through
the interest of the State's Department of Land and Natural Resources and other
agencies along a considerable part of the dry western coast of the island of
Hawaii and in the Kau area of southeastern Hawaii to a pilot well-drilling campaign.
Initial studies of bacterial and viral transmission through soils and rocks
(A-001-HI) have indicated that, although the bacteria and larger viruses are effec-
tively removed, the very small Poliovirus Type 2 is not, indicating necessity for
concern with the quality of domestic supplies from ground-water sources hitherto
considered quite safe.

Community and Academic Involvement

A semi-monthly series of water resources seminars begun by the Center in
1968-69 proved of considerable interest to the wider community as well as Univer-
sity faculty and students. After a two-session summary of the knowledge and
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deficiencies in knowledge on Hawaiian water resources, the series continued on a
variety of topics ranging from the work on viral contamination to the role of
industrial-agronomic complexes based on nuclear power and water desalting.

Contributions by members of the Center staff to governmental, professional,
and community conferences, local and national, are too numerous to detail here.

The effectiveness of the Center's program has been greatly extended by the
provision of project support by the State and County agencies, particularly the
Department of Land and Natural Resources and the Honolulu Board of Water Supply,
as well as by the Federal Water Pollution Control Administration, which funded a
major study of estuarine pollution in the State. The community Advisory Committee
on Water Resources has continued to function effectively but a long-requested and
a much-needed University coordinating committee has yet to be established.

IDAHO

C. C. Warnick, Director

The University of Idaho Water Resources Research Institute recognizes that
key water problems facing the State and Region are: (1) the need to determine the

value of certain rivers for inclusion in the National Wild and Scenic River System
and the need to perserve water and eater areas in a quality state for future gener-
ations; (2) the impact of large water developments such as Dworshak Dam and the
proposed High Mountain Sheep Dam on the ecology, economic growth and social patterns
of the State; (3) the tiL]ng and wisdom of developing Irrigable lands in the State
under the threat of transferring waters to other regions; and (4) the need to study
the extent and development of ground water with emphasis on the great Snake River

Plain aquifer. Additional needs center around water quality and retention of a
pleasing environment through studies of streams and lakes that have been polluted
and those that might become polluted. Typical areas receiving considerable atten-
tion in the news and public decision arena are the White Cloud Recreational Area
in the Salmon River drainage and Mallard-Larkin Pioneer Recreation area in the
Bitteroot Mountains. Of continuing concern will be problems associated with water
law, water institutions, and water and land development agencies involving local
governments, as well as the complex federal-state relations.

A main thrust of the Institute program will be in studies related to Wild
and Scenic Rivers as now being funded under Matching Grant Project B-014-IDA and
supported by the Idaho Water Resource Board, and other state agencies. The

Institute has organized o Scenic Rivers Study Unit to meet this need. This inter-

disciplinary group includes ,conomists, geographers, foresters, engineers, and
biologists working as a unit with graduate students of different professional
background to study the methodology for evaluating the need and desirability of
wild rivers. The local, state, regional and national viewpoint is being researched
on conventional resource items, as well as esthetic and sociological values.
Professor Warnick, as Institute Director, has been named by Governor Samuelson to
serve as the State's representative in discussions on wild rivers. Support from
the State has been an encouraging sign that the State, with limited financing for
research, has recognized the importance of this issue.

Great emphasis has been made to develop capability in ground water studies.
Project A-021-IDA, a study of the variability of water quality in the unsaturated
zone of soils above the water table, now being completed, gives insight on movement
of water to local aquifers. Two other projects directly related to ground water
were initiated during the year: Project A-023-IDA, concerned with seepage and
natural sealing phenomenon of silt and biological activity in irrigation canals;
and Project A-025-IDA, a study of the effect of physical properties of soil on

ground water movement.
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Studies concerned with limnology of high mountain lakes, Project A-018-IDA
completed in the fall of 1968 and Project A- 022 -IDA completed in June 1969 on

effects of physical and biotic environment on aquatic insects in the St. Maries

River, are contributing to a better understanding of ecology in the water environ-

ment and knowledge of how to preserve water areas for future generations.

The Institute realizes that part of the program must entail basic research

and the projects in Forestry are pointed :n this direction. A project being

completed this summer (A-014-IDA) is concerned with the energy balance and
evapotranspiration processes of forest and range lands of Idaho. Matching Grant

Project B-009-IDA initiated in 1558 is a study of a simulation model of intercep-

tion loss of snow on forest trees.

A moat successful Institute project has been Matching Grant Project B-006-IDA,

conducteu jointly by the Departments of Agricultural Economics and Agricultural
Engineering, concerned with the relation of pumping lift to economic use of ground

water for irrigation. Results from this project are already being used by the
State Reclamation Engineer to establish reasonable levels of pumping lift in
administration of ground water laws.

During the year, Institute research and activities have resulted in 19 publi-

cations and eight theses. One publication, a 600-page two-volume edition, was a,
Water Inventory of State of Idaho compiled for the Idaho Water Resource Board that
has become a very useful reference for consulting engineers and government offices,
and has furnished useful information for the framework study of the Pacific North-

west River Basins Commission.

A special effort involving the Institute in public education was a short
course conducted in June on the subject of legal aspects and responsibilities for

allocation of water resources. This was attended by federal, state, and utility
administrators from throughout the Pacific Northwest.

ILLINOIS

Ben B. Ewing, Director

Water Problems of Illinois

Like most humid states, Illinois has more problems in providing maximum use
of available water than in providing adequate water for man's use. Limitation of
the Great Lakes diversion makes it mandatory that the state fully develop its
water resource for use in metropolitan areas. The growing cities, expanding
industries, intensive agriculture, and plethora of small streams interlacing much
of the central portion of the state all make pollution control a major problem.
Illinois ranks very low among the states in development of water-based recreation.
Major needs are water quality improvement, better long range planning, and institu-
tional reorganization. The state has a generalized conceptual plan for meeting
these needs; it now needs a detailed project-by-project plan for accomplishing its
goals.

Emphasis of Program

Unlike other states, Illinois has the State Water Survey which is highly
responsive to the needs of the state. The Water Survey is investigating many of
the water problems of the state and is developing a model which can be used for
detailed water resources planning. The role of the University of Illinois Water
Resources Center is to develop fundamental applied research which will complement
the work of the Water Survey and provide new knowledge which will refine the model.
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Research is needed on urban hydrology, fate of pollution in
impact of agriculture on water quality, water quality control in
advanced waste treatment methods, water quality requirements for
cation of modern systems approaches to water resources planning,
arrangements for management of water resources.

small streams,
the great Lakes,
recreation, appli-
and institutional

Each university should exert its research efforts primarily on those research
needs which it is well qualified to undertake. The emphasis of the program there-
fore reflects the subject areas for which Illinois universities have become rec-
ognized as "centers of excellence" as well as the research needs of the state.
The University of Illinois and the associated state scientific surveys have estab-
lished expertise in stochastic hydrology, in river morphology, in ground water
flow, in plant-water relationships, and in the ecology of small streams. The
University of Illinois is world-renowned in systems analysis and this talent is
being turned to applications in water resources planning. These six areas of
expertise will continue to be encouraged.

Accomplishments

Professor V. T. Chow has begun to apply his theories on stochastic hydrology
to water resources planning as a part of an allotment project entitled "Stochastic
Analysis of Hydrologic Systems" (A-029-ILL). He is developing practical methods
to apply stochastic non-linear mathematical models to actual problems in Illinois
river basins.

Mr. John B. Stall is continuing his study of the "Hydraulic Geometry of
Streams" (8-023-ILL) which is an extension of his highly successful study of
Illinois streams (B-005-ILL) to more general application of these empirical rela-
tionships to other streams across the nation. This is an example of extension of
the "center of excellence" concept to serve the nation. Professor B. C. Yen is
also contributing to the study of river morphology through his study of "Hydraulic
Resistance in Alluvial Channels" (A- 033 -ILL).

Professor E. B. Small is continuing his study of the protozoan ecology of a
small stream (B-028-ILL) along with oxygen relationship research on the same
stream by Dr. J. H. Austin and Dr. F. W. Sollo under FWPCA sponsorship and aquatic
biology studies by Dr. R. W. Larimore. Dr. Larimore is also expanding his studies
of the Kaskaskia River (B-025-ILL) and has recently initiated a new project
(A-040-ILL) to evaluate the assimilation of municipal waste in a small creek, in
the river, and finally in an impoundment. Dr. E. R. Holley is continuing his
study of reaeration rates in streams by considering the effect of the presence of
oxygen-demanding material in the water on the rate of transfer of oxygen from the
atmosphere (A-037-ILL).

Professor N. G. P. Krausz has completed an exhaustive study of "Intergovern-
mental Relationships in the Administration of Water Resources" (B- 009 -ILL). His
report recommends legislation to improve administrative and institutional struc-
ture and has been well received by water resources agencies throughout the country.
Professor W. L. Keith is appraising flood plain regulations in five states
(A-030-ILL). Dr. D. D. Baumann of Southern Illinois University is studying the
economic and social impact of snow in urban areas (B-032-ILL).

Professor V. T. Chow is well launched in his study of "Advanced Methodologies
for Water Resources Planning" (B -030-ILL). He is developing working procedures
for applying stochastic dynamic programming to practical water resources planning.
Professor E. R. Swanson is applying linear programming techniques to the optimiza-
tion of water used for irrigatioh in Illinois agriculture (B-014-ILL). Mr. G. E.
Stout and Dr. D. D. Meredith are cooperating in a "Study of the Hydrology for
Models of the Great Lakes" under a project supported by the Water Resources Center
from state funds. This is the first step in the development of a management model
of the Great Lakes which could be a most powerful tool in the long-range planning
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for this important national resource. Professor Hinomoto is starting an opera-

tions research study to optimize capacity expansion for water supply systems. Mr.

W. B. Betchart, who has been broadly educated in water resources problems while

working for two years as an administrative assistant in the Water Resources Center,

is now commencing a systems analysis approach to the rational design of water

quality surveillance programs.

INDIANA

Daniel Wiersma, Director

Current and Anticipated Water Problems For the State

Management of the quality and quantity of water is the primary water
resource prcblem for Indiana. Water quality is of paramount concern. The quality
of runoff waters from both rural and urban areas should receive special attention.
The effect of degradation in natural lakes, rivers, streams and reservoir waters
on aquatic lif-, leathetic and recreational values and the various water supply
user groups is of interest to everyone.

Flooding along the major streams and rivers is a constant hazard. The

planning for and construction of structural works is in continual progress. Non-

structural considerations for flood control have not received their proper
attention.

Only in small isolated areas is there a deficiency of both surface and
ground water for domestic purposes. Further investigations are needed on ground
water reserves. The integral/on of the use of both ground water and surelee
water is considered advisable. In the long run, %ore development for water supply
will become necessary.

Indiana is in the process of formulating a State Water Plan. They are also
involved in four Type I Basin studies, and one Type II study. The State has as
an objective the development of its water resources for the most beneficial good
to its people.

Research Program for the Center

Planning for the development of water resources requires information relative
to runoff occurring from the various watersheds. Stream gaging networks are
inadequate to provide all the essential data. Results from Projects B-003-IND
and B-016-IND will facilitate making estimates on small ungaged agricultural water-
sheds, while from A-001-IND and B-008-IND a hydrologic atlas with computer programs
will be available for watersheds up to 300 square miles. Projects B-002-IND and
8-022-IND concern the effects of urbanization on runoff characteristics of a
watershed. Water quality of the urban runoff will also be considered.

The ground water surface of an aquifer can be graphically represented by a
computer program developed by Project A-006-IND. The procedure uses the same
basic data as the analog model, but is much less expensive to construct.

Studies concerning water quality will continue to receive major emphasis.
Project A-005-IND has studied the persistence of pesticides applied in a water-
shed. The soil characteristics of a watershed and their influence on sedimenta-
tion of reservoirs is the objective of Project B-013-IND. Further work will be
initiated on the quality of rural runoff. The economic analysis of water quality
control systems will be studie4 under Project B-020-IND.
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New emphasis will be placed on interdisciplinary research. A systems
analysis of a sub-region of the Wabash River Basin will be made under Projects
A-012-IND, A-013-IND, and A-014-IND.

Direct Application of Research Findings

The Dean of Agriculture, Dr. R. L. Kohls, reported some of the results from
Project A-005-IND to a five state Governors Conference considering the use of

peaticIdes in the Lake Michigan area. In essence he stated that the insecticides
phonate and carbaryl applied it a watershed did not persist at a level high

enough to affect. the highly sensitive test organisms.d

In Indiana critical shortages of manpower in the water resources
related occupations are the findings reported by Project A-008-IND. As a result,

a new associate degree curriculum has been developed for the training of tech-

nicians. This program has the acceptance of industry and others interested in the

hiring of such personnel.

Other Activities end Ac4:omplishments

Public involvement by the Center includes such activities as the State Water
Resources Legislative Study Committee, State Water Plan, Interuniversity Council
for the Wabash Basin, Wabash Valley Interstate Commission, Wabash Valley Coordinat-
ing Study Committee, and the Great Lakes Basin Comprehensive Study.

A series of water resources seminars featuring several outstanding men in
system analysis has resulted in the introduction of a new academic course to be

offered this coming year. Four other new courses related to water 'resources will

also be offered.

Short courses related to water quality or water utilization are offered
annually in the Civil Engineering Department. Liaison is maintained with the
Cooperative Extension Service Specialist's Committees which relate to the wdstex

resources.

Administrative problems includa providing Non-Federal money for matching
grant projects, involvement of social and behavioral scientists in the program,
the organization of interdisciplinary research, and the participation by other

Universities.

The Center has not supported any regional research. Members from the Center

have been active in proposals involving the Argonne Universities Association, the
Committee on Institutional Cooperation, the Great Lakes Basin Commission and the

Wabash Valley Interstate Commission.

IOWA

Don Kirkham, Director

In Iowa, as well as in the Nation, there is growing concern about pollution

of streams, lakes, and reservoirs by agricultural fertilizers coming from

agricultural lands. Agricultural fertilizers reach the streams, lakes, and
reservoirs on an areal basis, not as a point source, and therefore they can not
be incorporated into a point source treatment facility. The following figures

give a global view of the seriousness of the problem, both in the U.S.A. and in

Iowa. During the period 1955 to 1965, nitrogen use in the U.S.A. increased from
less than 2 million tons to 4.3 million tons; phosphorus use increased from 2.3
million tons of P2O5 to 3.4 million tons of P2O5. It is estimated that by 1970,
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the industry will have a capacity for processing about 10 million tons of P205
annually. In Iowa, abuut 100,000 tons of nitrogen were used in 1960 as compared

to 540,000 tons in 1967. Phosphate fertilizer used in Iowa increased from

115,000 tons in 1960 to 350,000 tons in 1967.

Recognizing the need for interdisciplinary basic and applied research in the
area of agricultural pollution, Iowa State Water Resources Research Institute with
other institutes in the region initiated the action for a conference entitled,

"Clean Water for Agriculture". The conference is scheduled for November 18-20,

1969. It will be held at Iowa State University, Ames, Iowa, with the cooperation
of mid-continent state water resources research institutes, and the Iowa Agri-

culture and Home Economics Experiment Station. The Federal Water Pollution
Control Administration is also cocperating. The Iowa State University Extension
Service has served a major role in planning the conference as has the University
of Missouri Water Resources Research Center. The main purpose of the conference

is to determine the status of knowledge relating to agricultural pollution of
surface and ground waters.

During F.Y. 1969 there were 18 allotment and 5 matching grant research
projects, all of which were either fully or partly financed by OWRR funds, under

Public Law 88-379. The following projects have been completed as of June 30,
1969, and completion reports are being prepared: A-001 -IA: iXugal; A-013-IA:

Willrich; A-014-IA: Ruhe; A-0l7-IA: Bachmann; A-018-IA: Barnard; and A-022-IA:
Dague. In addition, the following projects will be completed during the calendar

year 1969: A-024-IA: Johnson; 13-005-1A: Johnson and Hines; and B-002-IA: Kirkham.
The above projects resulted in 25 technical publications,9 M.S. theses, and 2 Th.D.
theses. The members of the Institute Council gave 4 talks on State, National

and International meetings, and served as panel members in State and National
meetings. The Institute also sponsored three seminars on various subjects related
to Water Resources. Nine new courses were introduced at Iowa State University
and 13 new courses were introduced at the University of Iowa.

KANSAS

William L. Powers, Acting Director

As evidenced by the nature of our research projects, current and anticipated
water problems for Kansas fall mostly into two categories; the water cycle and
water quality.

Potential pollution from agriculture is one of our most serious problems.
The cattle feeding industry in Kansas is expected to increase greatly in the next
few years which will, in turn, increase the danger of pollution from feedlot run-
off. The increased use of pesticides for the control of insects and weeds adds
more chemicals to the soil and air which may eventually find their way into our
streams and groundwater aquifers. Ever increasing use of chemical fertilizers
containing nitrates, chlorides, and sulfates increases the possibility of ground-
water contamination. Disposal and treatment of wastes from municipal and urban
fringe areas also continues to be a problem.

We have had several projects designed to characterize and eliminate these
problems. Research from project A-008-KAN showed that the quality of feedlot
runoff was quite variable and was greatly influenced by temperature and rainfall
rate, but relatively unimportant were the manure thickness and frequency of lot
cleaning. Further research on the feedlot problem is being done under projects
A-015-KAN, A-029-KAN, and A-026-KAN which plan research on treatment techniques
and pollution effects on wildlife. Projects A-016-KAN and 3-007-KAN are designed
to study nitrate and pesticide movement in soils. Results from the completed

137



project A-016-KAN show accumulation of nitrate in soils under feedlots and areas
where large amounts of nitrate fertilizers have been added. Urban and municipal
water quality problems are being studied under projects A-030-KAN,A-031-KAN,
A-028-KAN and B-015-KAN which deal primarily with water treatment and quality
prediction.

Research on the water cycle has been centered around water movement in
porous media, water recharge and water loss by evapotranspiration. Mathematical
computer models have been developed for water flow from research on projects
A-018-KAN and 8-011-KAN. Further research on such models will be done in project
B- 018 -KAN which will include the evapotranspiration process. We presently have
three projects A-005-KAN, 11-010-KAN and A-022-KAN for studying water use by plants.
The first two of these are aimed at reducing water loss from evapotranspiration.
Project A-021-KAN is directed toward finding a means of recharinging ground-water
supplies by putting extra irrigation water from furrows Ina pit to sup back into
the soil and back to the groundwater. Results from computer models are now being
used to predict water movement as in recharge experiments.

Some of the other activities and accomplishments involved regional conferences.
A project leader and his student attended the Evapotranspiration Conference at
Lincoln, Nebraska planned during the regional institute directors' meeting last
year. Plans are being finalized for a seminar at A?r'i, Iowa on "The Role of
Agriculture in Clean Water." In addition, the directors of several regional
institutes contributed to a seminar on "Modifying the Soil and Water Environment
for Approaching the Agricultural Potential of the Great Plains." Also, the
Director of the Kansas Water Resources Research Institute (KWRRI) has close
liaison with the Water Resources Board of aansas. The director has talked with
the Kansas Irrigation and Reclamation Association on evapotranspiration and has
conferred with the Riley County Commissioners on problems of waste disposal in
the Tuttle Creek area,

The director of KWRRI has been instrumental in the development of new micro-
climatology couraes at Kansas State University. He has also helped to orgrnize
and select the staff for a new Evapotranspiration Laboratory.

As indicated above, we feel that KWRRI has taken an active role in water
resourcea research and planning both on a local and regional level. We all feel
that Puf,lic Law 88-379 is of great benefit to Kansas and the surrounding region.

KENTUCKY

Robert A. Lauderdale, Director

Aside from problems of flood protection and problems arising from surface
mining operations, Kentucky's problems, as well as her greatest opportunities, lie
in planning the development and conservation of its water resources. One of the
state's most pressing problems is how to alleviate the poverty which persists in
much of the state. With proper development and management it may be possible to
use water as one of the tools to upgrade the economic and social conditions of
these regions.

Roughly one-half of the Institute's projects are concerned with the economic
and social benefits to be derived from water resources development. Project
A-006-KY (L. D. Janes), entitled "The Economic Impact of Flood Control Reservoirs",
has multiple oblectives which include the effects of large reservoirs ea local
employment patterns, changes in land use, economic losses from the innundation of
valuable land, and income redistribution resulting from the reservoir. The final
report will attempt to provide answers to such questions as what economic benefit
results from reservoir recreation, what value should be placed on the hardships
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imposed on people who lose their property, how can reservoirs be operated to pro-
duce more benefits, and how effective are water projects in helping low income
families to improve their position. Project B-015-KY, "Measuring the Intangible
Values of Natural Streams", will continue and expand on the work of A-010-KY. It

complements some of the work being done in project A-006-KY. The vajor emphasis
is on the esthetic and recreational value of streams. The project ehould be of
value to the Kentucky Commission on Wild Rivers as well as to others who have
jurisdiction over the preservation and conservation of recreational areas.

Two projects, A-020-KY and A-022-KY are concerned with the problems imposed on
people because of forced migration and on the cultural changes resulting from water
resources development. Since a major part of the work is to be done during May and
June, the results are not yet clear. However, it is important that the long term
effects of reservoir development on the people most affected be considered, and
these studies should provide the kinds of information needed to de this. The long
range results should be the development of improved techniques of evaluation and
planning to insure that this group of people will not suffer as the result of being
forced to relocate.

Two projects concerned with the growth of algae have economic significance to the

state, since algae growths are a potential problem in lakes which have been created
for recreational and other uses which require water of high quality. A- 018 -KY is a

study of inhibitory compounds produced by algae, with one of the objectives
to identify the chemical nature and action sites of these compounds. With this
information it may be possible to synthesize similar compounds which could be used
to help control algae in water supplies or recreational reservoirs. Project
A-022-KY is concerned primarily with the re-cycling of nutrients through the de-
composition of dead algae cells, a process which is responsible in part for the
recurring blooms which plague many lakes. A somewhat related, but much broader
project is B-005-KY, an ecological study of a water to be impounded. The objective
of the project is to develop a predictive model which can be used to forecast the
changes in quality which may be anticipated after a water is impounded.

The Institute has continued its efforts to expand its program beyond tha Uni-
versity of Kentucky campus. This past year all of the universities offering gradu-
ate programs were invited to submit proposals for research. Although none were
submitted for FY 1970, some response is expected for FY 1971, particularly in the
areas of ecology and economics. The institute sponsored two seminars for the
Kentucky Water Resources Council, at which the results of Institute projects were
discussed. The chief benefit from these talks has been to establish a closer re-
lationship between slate and federal agencies and the Institute. By presenting the
work of the Institute to the council, it is hoped that the interaction between the

state and the Institute can be enhanced, and that the Institute will be better able
to assist in solving the state's problems.

The types of research which are supported by the state institute do not often
lead to results with immediate and definable application. The demand for Institute
reports, however, indicate that the results of our projects are being studied and
perhaps used by a large number of agencies. The benefits from OWRR projects will
be cumulative and should not be expected to apply to a specific local problem un-
less the project was designed to be restricted to a single application from its
inception.

No significant problems have been encountered in the administration of the
Institute program. However, projects in engineering and the physical or natural
sciences have been particularly hard-hit by the Selective Service, and no relief
is apparent for FY 1970. No significant changes have been made in the composition
of Inetitutete committees or in the level of support provided by the state.
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LOUISIANA

Elvin J. Dantin, Director

The principal research projects funded by the Louisiana Institute possess
clearly defined objectives in the field of water resources development. These
Objectives, if attained, dill be of practical value to the citizens of Louisiana
and to people living under similar hydrologic and hydrogeologic circumstances.

A number of the Institute's projects, while planned for their relevance to the
citizens of Louisiana, reach far beyond the state's confines. One such project
deals with the storage of fresh water in saline aquifers.

Fresh Water Storage in Saline Aouifers

In 1965, one of the first projects proposed to the LWR81 was a laboratory
study, to be supplemented and expanded by development of a model for digital simu-
lation, of the storage of fresh water in an aquifer containing brine. The fresh
water mould be injected so as to displace the connate water of the formation. The
study, by Dr. Oscar K. Kimbler (A- 002 -LA) proposed to alleviate a situation en-
countered by the inhabitants of low-lying, swampy coastal areas: the construction
of a reliable, year-round, water supply. In sch areas, the surface water re-
sources become brackish or salty to the low-flow period of the streams, and the
underlying water-bearing formations contain brine instead of potable water. Be-
cause of this, it is believed that the coastal areas have never reached their full
development potential either as industrial or recreational areas. Such circum-
stances exist throughout the Gulf Coast of Louisiana. The immediate application
of preliminary results of the study for the tlwn of Empire, Louisiana shows the
relevance of the investigation.

In FY 1969, Dr. Kimblar's study was extended (A-011-LA) to cover the effect
of dip on the efficiency of the cyclic process of injection, storage, and offtake.
Although the attempt to Incorporate dip in the model proved to be far more diffi-
cult than anticipated, ewe progress was made in FY 1969 in overcoming the obstacles.

tinemsfm_lat10E1
A project completeA in FY 1969 that may influence events far beyond the bound-

aries of Louisiana is a study of the availability of manpower for water resources
research (A-015-LA). Dr. Jim., S. Lewis, who made the study and supports his
thasia with numerous analytical statistical tables, contends that the outlook for
Manpower is not bright because of the limited supply of people with the requisite
interests and abilities to do research and the intense competition for precisely
this type of personnel.

AgdLor,gLkgqJasratthgdatJUatiofburfacSaltate.

The Paton Rouge multidisciplinary project CA-001-LA, A-004-LA,
d..(021A, 8-003-LA, 8-004-LA, and 8-005-LA) shows that the entroachAt of sail
water in the aquifers underlying Baton Rouge can be stopped by the onsttuction and
operation of two etratogicolly placed scavenger wells to pump saline water to waste.
Another result of the stud, was the analysia by Professor R. G. &mann of USC and
Geological Survey data on the 1964 levelling. which showed that the land surface in
Baton Rouge is subsiding; the implication is that the net offtake from the aquifers
40,10t be reduced if Houston's experience with land surface movement is to be avoided.

An outstandq.4 dissertation scheduled for Bulletin publication is "Economic
Aspects of Grounw-Water Basin Control," by L. H. Falk (1-0054A), which has furnish-
ed a procedure for evaluating a recharge project and rationally determining how and
When the costs should be paid. Although the work is the basis for the economic
studies of the Baton Rouge multidisciplinary project, it is expected to influence
the thinking of leaders in many areas faced with the asnaeement of ecound-vater
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basins. A portion of the study is devoted to a detailed, concrete analysis of the
Los Angeles situation, a recharge project now operating.

As a direct result of the Baton Rouge project, Professor William A. Wintz, Jr.
(A- 020 -LA) has started to run first order levels through the area of subsidence and
to attempt to correlate changes in land surface elevation with changes in water
level in the several water-bearing formatione. The results of this will help de-
termine the pace at which importation of additional water to the Baton Rouge area
should occur.

Anti-Pollution

Two projects of interest to the citizens of Louisiana concern pollution. Ole
(A-019-LA) is a study of the efficacy of pollution abatement efforts in the Lake
Pontchartrain area by Dr. Daniel Stern of LSUNO. The other, by Professors Charles
W. Wilson and F. E. Beckett of Louisiana Polytechnic Institute, would decrease
river pollution by utilizing paper mill waste for the irrigation of hardwood. An
offsh',ot of this protect and its predecessor (A-009-LA) was a successful symposium
on the use of effluent from municipal sewage plants for the dual purpose of abating
pollution and irrigating crops, held in Ruston, Louisiana, in July, 1968.

The Institutn published, though did not sponsor, an edited version of a dis-
sertation by Dr. Paul H. Jones which present d a new and original synthesis concern-
ing the occurrence of fresh water at depth and the genesis of brines and geopresaure
zones in the deeper sediments of the Gulf Coast. Three additional theses resulting
from research sponsored by the Institute (A-004-LA, B-004-LA, A-007-LA, and A-009-LA)
were completed during FY 1969.

In sum, the now well-established Louisiana Water Resources Research Institute
has an overal! balance sheet weighted heavily on the iccessful side. In the
future, as in the past, projects will be selected for their relevance and potential
usefulness.

MAME.

Edgar A. Imhoff, Director

Water Problems of Haft,

It is the polity of the Center to seek declaration of new problems and redefini-
tion of "old" problems on a somewhat continuing basis. Thereby, relevant research
topics are uncovered and progress is scaled against work to be accomplished.

The multi- interest Advisory Committee of the Center focused on water problems
in its annual meeting. In addition, problem-discussi:n interviews were held with
technical personnel of Mil.e agencies, fovr universities and three private organ-
izations. Thirty-six seemingly valid water problems were cited. One-half of the
cited problems were related to water quality management and protection, FCST V.
One-fourth of the problems were related to water resources planning, FCST VI.

Comments solicited by the Center reflect a majority opinion that Maine's great-
est water problem is the actual and potential deterioration of the quality of the
water environments. Many knowledgeable individuals are concerned especially with
restoring or preserving the quality of Maine's 2,500 freshwater lakes. Research 1,1
water resources planning is of great urgency in Maine because of socio-economic
factors which seem to dictate a need for the accommodation of economic growtha
growth that probably will include heavy metal mining, petroleum refining, thermal
and nuclear power development, and increased production of pulp and paper products.
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Thrust and Relevance of the Center Program

An adopted policy of the Center's Executive Committee, urging environmental
quality stgdies, is reflected in the fact that all but one of the ongoing and pro-
posed research projects are concerned with water quality. The biological effects
of pollution estuaries is being investigated in A-011-ME. Dr. David Dean,
Director of the Ira C. Darling Center states that project results will be valuable
in predicting biotic changes resultirg from increased or decreased pollution loads.
Dr. Otis Sproul's inquiry into adsorption of viruses on mineral surfaces, A-013-ME,
promises to reveal data which will support the design of improved soil adsorption
systems. Four ongoing and scheduled projects focus on lake water quality. Dr.
Wayne Hall is leading an investigation (A-014-ME) which has demonstrated to date
that septic tank systems do not effect significant removal of nutrient cubstances,
and--in fact, may encourage eutrophication by the conversion of inoluble forms of
N and P to soluble forms. This study will contribute useful data to planners and
water pollution control authorities. In May, 1969, a companion study (A-015-ME) by
Dr. Hall was initiated to explore the causes, effects and control of eutrophication
on several case-study lakes, with the objective of providing to engineers and plan-
ners information which will be highly useful in designing land use controls, water
control facilities and remedial legislation. A new study (A-016-ME) by Dr. Lotse,
should be of great significance in clarifying the effect on the eutrophication pro-
cess of retention of phosphorus in lake sediments. Dr. Stephen Norton will lead a
new inquiry (A-017-1IE) which will have practical implications in the prevention or
management of algae problems of lakes. Improved techniques in the modeling of
physico-chemical water quality conditions in a tidal river has resulted froze an
investigation (B- 003 -ME) led by Dr. Edward Bobalek.

State Highway officials have responded affirmatively to results of project
A- 007-ME which indicate a substantial build-up of sodium in roadside soils aid
chlorides in some roadside wells as a result of salt applications for da-icing.
Further inquiry by the principal investigator, Dr. Fred Hutchinson, is being
supported by Federal Highway funds.

Other Activities and Accomplishments

Although the efficient execution of problem-related research is the major
contribution to be made by Center programs, we are very much concerned with dis-
seminating research results in a m.nner enhancing public education. Accordingly,
in FY 1969, we (1) initiated a newsletter having a circulation of 300, (2) addressed
several service groups, (3) cut a radio tape on water problems, (4) accepted study
responsibilities on the Governor's Task Force on Environment, (5) convened a special
technical committee to study the problems of the Penobscot River basin, with the
objective of energiking An engineering planning study, and (6) designed a seminar
to bring private consultants, state agencies and research together for a beneficial
exchange on the subject of the Research-Planning Interface.

Regional cooperation is particularly important to Maine which -- although some-
what isolated geographically--faces many problems common also to the more developed
portion of New England. Accordingly, the Center has participated in the planning
of a national conference on Ecological Considerations in Water Resources to be held
in Boston on Nov. 4-5 under the sponsorship of the New England Council of Water
Center Directors and the New England River basins Commission. Additionally the
Center attended a meeting of the Directors of the Northeast States Centers at which
research and planning programs of Federal agencies were presented. We find the
asinrenance of communication with other Center Directors of great valut in stimu-
lating and improving our own research.
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MARYLAND

R. L. Green, Coordinator

The regional climate generally favors Maryland with respect to available water
re - -' However, from even casual study of the concentration of population, it

As that major problems relate to quality, spatial distribution and insti-
tutional arrangements for management of water resources. In 1960, 80 percent of
the State's 3,100,000 peopla lived in the METRO MARYLAND area encompassed by the
Annapolis-Baltimore-Washington triangle; all projections point to further demo-
graphic imbalance. Simultaneously, with its direct needs for water, this popula-
tion plus that of the nearby Eastern Seaboard has time, money and desire for water-
based recreation. The quality of water for fisheries and recreation, the need of
channels and harbors for shipping, the need for water for industrial uses (especial-
ly cooling) and the use of streams and bays for effluent disposal summarize the
diversity and conflicts in needs, uses and vested interests.

Since inception of the Center's program in May 1965, the primary research
effort has been related to water quality. Some research has been directed at
water resources systems including analog simulation, hydrology and recreational
uses. The last project initiated in FY69 is related to private and public inter-
ests and management systems. A matching fund project has been approved to initiate
an economic study in FY70.

It is the Center's concept that annual allotment funds and, to a lesser degree,
matching funds should be considered as "seed money." In two instances to date,
this has been completely successful; work initiated under Projects B-001 and 8-002
pertaining to enhancement of recreational uses of the Chesapeake Bay through study
of sea nettles contributed data for Congressional hearings leading to direct appro-
priations for Sea Nettle Research; similarly, work initiated under A-004 pertaining
to disposal of swine wastes, although producing inconclusive results, provided
guidelines for a more comprehensive project funded by FWPCA and the Maryland Agri-
cultlral Experiment Station.

The outstanding example of immediate applicability of research continuos to be
from Project A-002, concerned with effects of thermal loading on an estuary.
Rather large scale field studies with State financial support were in progress by
the University's Natural Resources Institute when the Center was organised. Center
funding enabled complementary laboratory studies. Data from field and laboratory
were useful to the Maryland Water Resources Department and Commission in adopting
Watet Quality Standards in 1967. Experimental procedures provided data on the
effect of exposure of aquatic organisms to elevated temperatures for 24 hours.
When an appropriation permit application to the Department of Water Resources for
a new power plant indicated elevated temperatures for very short periods of UO4,
a new series of laboratory ecology studies of shorter exposure were initiated.

The Center sponsored two public meetings in FY69. At the first, Maryland
Water Resoi,vce Research Needs, representativ,4 of State and Federal agencies con
cerned uith water resources discussed "Needs" from their respective viewpoints. The
second meeting was the Fourth Annual Program Review at which progress reports were
given by investigation leaders to an audience of faculty, students and agency
representatives.

The Canter became a co- sponsor with NSO in the support of a Thermal Workshop
at Solomon., Maryland, November 3.7, 1968. This Workshop was attended by approxi-
mately 200 scientists and engineers from about 20 states and seven other countries.
It was recognised as a United States contribution to the International Biological
Program.

During FY69, a graduate program in Agricultural Engineering was approved offer-
ing another opportunity for advanced graduate study and research in a discipline
concerned with water resources. Included in this program is the opportunity to do
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research in aquacultural engineering and what is believed to be the first formal
course in this subject is scheduled in the Spring Semester 1970. The interchange
of knowledge, concepts and ideas between faculty members from its interdisciplinary
program greatly facilitated development of the substance and need for this new sub-
ject matter area. The first research project under this program, funded by the
Maryland Department of Chesapeake Bay Affairs and the Bureau of Commercial Fisher-
ies, ;SDI, is a study of applications of engineering in the harvesting and process-
ing of oysters.

During FY69, 12 faculty members were active as investigation leaders assisted
by 14 graduate research assistants. One (A-002) graduate student in Zoology re-
ceived his Ph.D. degree and one (A -009) in Microbiology received her M.S. degree.
Since 1965, a total of 24 faculty members have been investigation leaders and 23
graduate assistants have received support from Center projects.

Liaison with State and Federal agencies has been maintained through meetings
previously cited, by faculty participation in the Governor's Conference on the
Chesapeake Bay in September 1968, the Annapolis Hearing of the National Estuarine
Pollution Study where Dr. L. Eugene Ctontn was a member of the Expert Panel; Dr.
John H. Cumberland of the Interdisciplinary Advisory Committee volunteered a pre-
pared statement; Dr. Cordon M. Cairns spoke for the State Soil Conservation Com-
mittee; and Dr. R. L. Green spoke of University -wide interests and viewpoints.

In addition to my University duties as Coordinator of the Water Resources
Research Center and Head of the Department of Agricultural Engineering, I have been
a member of the Maryland Water Resources Commission and have attended its monthly
meetings since 1964. In December 1968, I was appointed by Governor Agnew as Chair-
man of a nine-man Water Sciences Advisory Board whose function is to consult with
and advise agencies concerned with pollution abatement. The frequent contacts with
State natural resource agency personnel facilitate* coordination and information
exchange.

HASSACHUSErl

Warren Litsky, Acting Director

Five major problems currently concern and will continue to concern the State
of Massachusetts!

1. Protection and prudent use of lakes.
2. Protection and prudent use of major streams flowing through metropolitan

Areas.
3. Improvement of methods for planning optimum use of small independent

watersheds.
4. Cleansing and protection of estuaries.
S. Protection of valuable wetlands.

The following research being conducted by this Center is directed to the above-
described needs!

Arrest of EutrophicatIon

Project 11005.MAS8 seeks to find ways to eliminate bottom deposits in lakes as
a major factor in lake pollution and eutrophication. Project B- 00644ASS is direct-

ed to the possibility that controlled intervention into lake microbial processes
may suggest practicable way* to arrest the formation of troublesome algal blooms.
Project A-023 -MASS seeks to determine whether rooted aquatic plants may be useful
in trapping nutrient materials in the lake. Project A-018-MASS is concerned with
the development of practical ways of utilizing special ion-exchange resins to re-
move excessive plant nutrients in the lake water.
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Stream Resource Planning

project 8-011-MASS is directed to'the development of methods for planning and
designing metropolitan area water pollution control systems. Project 8-003-MASS is
directed to an examination of the attitudes of decision-makers in respect to water
rights conflicts as a basis for clarifying the processes by which water resource
management institutions are evolved, Project B-015-MASS represents an examination
of the historic interactions of an urban river and the culture of the population
residing on its watershed as a basis for improved understanding of deep-rooted
attitudes and traditions affecting the decision-making process.

Protection of Wetlands

Project 8-010-MASS is directed to a study of the impact of highway con' ruction
on wetlands impairment or formation with the objective of (1) developing pro. tdures
for controlling adverse effects, and (2) recommending ways in which the affected
wetland,or a newly formed wetland, may be so structured and managed as to represent
a regional resource. Project 8-012-MASS seeks first to characterize the wetlands
of Massachusetts, second to identify and interrelate the important factors influ-
encing wetlands preservation, and third, based on this knowledge, to evolve a
practicable system for management of wetlands.

Planning Optimum Use of Small. Independent Watersheds

Project 8-004-MASS represents a study of alternative water uses and management
practices and seeks to develop a general model for determining that combination of
water uses and management practices that will produce the greatest economic benefit
to the watershed.

Several projects provide knowledge applicable to all problem areas. Project
8- 008 -MASS seeks to establish an improved technique for determining and predicting
watershed response to hydrologic influences. Project A- 024-MASS is analyzing dis-
continuities in regional population projections as a basis for evolving an improved
technique for making such projections in an uncertain future.

Beneficial results do no necessarily await the completion of the research
project. For example, Project 8-008-MASS has already produced more reliable in-
formation than had hitherto been available to consulting engineers and planners
concerned with the hydrology of Massachusetts watersheds. In fact, each of the
above projects has had some influence in shaping the thinking of water resource
planners by drawing these individuals into seminar discussions and related re-
search. Project 8-003-MASS has had an interesting influence in stimulating water
works operators in Massachusetts to think about existing or probable water rights
conflicts. This project, which utilized a questionnaire in its early stages,
reached every water works operator in the State, and it has had an excellent re
sponse. Project A.001-MASS has been of use to planners by throwing cold water on
the idea that farm ponds could serve as recreational waters. This project has had
an important secondary effect in that it is providing the Center with the basis for
a classification of all lakes and ponds in Massachusetts which will, we believe,
represent the most complete and valuable data base for lakes yet developed in this
area. Project A-022-MASS, a short intensive study of attitudes of decision - rakers
in the Springfield metropolitan area in regard to water pollution control, evoked
a great deal of interest. It appeared to impress the news media in this area with
the significance of the diverse and often hidden factors that go into shaping im-
portant attitudes and traditions. Project A-01944ASS demonstrated with some impact
the hazard of using chlorinated hydrocarbon pesticides on land where drainage or
wind could carry this toxic material to breeding areas of valuable marine aquatic
forms. Project A-00544ASS provided a technique for water conservation that is
adaptable to efficient use of water in harvesting of cranberries. This technique
is now being used in cranberry producing areas of Cape Cod.
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The Acting Director of the Center has met with the Water Resources Commission
at its monthly meetings to maintain a continuing liaison between that official
agency and the Water Resources Research Center. Principal investigators have
contributed widely to public understanding through participation in conferences
and seminars, and through public talks. However, while the Center's program has
been expanding, it like most University components, has been adversely affected
by recent action of the State legislature in respect to appropriations.

The Center has continued to participate in the work of the New England Council
of Water Center Directors and currently is involved in a joint effort to develop an
administrative framework in which regional research may be most effectively conduct-.
ed.

The Center has established a policy of seeking to strengthen the activities of
water resources research in other educational institutions of Massachusetts and in
line with this desire, it has established joint projects with Springfield College
(Surface Waters of a Small City); Smith College (6. Study of Vascular Plant Flora in
a Small River and its Floodplain); Northeastern University (Estuarial Studies). It
is hoped that through a system of inter-University cooperation within Massachusetts,
educational and research programs will be jointly strengthened and enhanced.

HICMIGAN

Robert C. Ball, Director

The State of Michigan is unique in that nearly 33 percent of all the fresh
water of the United States occurs within its boundaries. Michigan's 11,000 lakes
and 35,000 miles of streams constitute a vast economic and recreational resource of
national importance. Our problems are not primarily of quantity of water available
to meet demands; rather, they are concerned with strict attention to the maintenance
of high levels of water quality in the many internal and peripheral waters.

Since almost all of Michigan's rivers arise within the state and empty into
the Great Lakes, all the nutrients, sediments, and other pollutants put into the
streams eventually reach one of these important bodies of water. The disastrous
results of pollution in Lake Erie are well documented. It is estimated that the
turnover time of water in Lake Michigan may be as long as 100 years, thus, the
threat of pollution to the lake is even greater and of more urgent concern..

The Institute's Advisory Committee recommends strong consideration of projects
concerning nutrient input into the lakes and its relation to eutrophication. This
decision is reflected in both the past year's projects and those for the forth-
coming period. We believe these studies will contribute to the effort to solve the
problems of environmental contamination and degradation.

During the past year the Institute has funded several projects with direct
bearing on this problem. These include an in-depth look at the bacterial and viral
aspects of water quality through Projects A-026 and A027. The Michigan Institute
supports studies of the movement of nutrients from land and the streams into Lake
Michigan under Projects A-022 and A-023. From these come data showing that the
streams entering Lake Michigan from Michigan's lover peninsula contribute over
11,000 pounds of phosphorus per day. These data contributed to the decision by the
state regulatory agency to require 80 percent removal of phosphorus from sewage
effluent by unnicipalitie* in the Lake Michigan drainage basin by 1972.

146



Strongly related to environmental contamination is the critical problem of
pesticide pollution of Lake Michigan. Pesticides underwent biological magnifica-
tion in the lake resulting in vast salmon stocks being declared unfit for process-
ing as human food. This year alone, this situation will result in a multimillion
dollar economic disruption and the loss of a vital commercial and recreational re-
source. Anticipating such a problem, we funded two research projects, A-012 and
A-029, having a direct bearing on environmental pollution by pesticides. Both have
been productive projects and A-012 has resulted in the development of a procedure
of using living freshwater mussels as an in situ bioassay for pesticides that will
probably become a standard procedure for the interstate surveillance of waters flow-
ing to Lake Michigan.

Singly, and in cooperation with other agencies, we have sponsored basic ecolog-
ical studies on the interactions of environmental stress on streams and lakes
(A -023, A-030, and A-031) which will, as they progress, develop a store of basic
knowledge that can be translated into action programs.

The importance of water resources in heavily urbanized areas is reflected in
our funding of a study of the bedrock delineation of groundwater resources in the
Detroit metropolitan area, Project A-011.

Our staff continues to be actively involved in both public and academic educa-
tional programs reflecting the Institute's commitment to help inform the public
in the area of water resources. To indicate the scope of the direct citizen educa-
tional aspect of this function, Institute personnel gave 30 speeches to such diverse
groups as the Junior Chamber of Commerce, the Lions Club, and the Audubon Society.
In addition, many individual laymen and professionals have received a wide variety
of water resource information in response to their personal inquiries. More formal-
ly, the Institute cosponsored a two-day,state-wide Conference on Waste Stabilization
Lagoons in cooperation wish the Michigan Department of Public Health. Cooperation
on a regional level has been on an ad j basis. For example, by invitation, Insti-
tute personnel participated in the workshop on system analysis of the Great Lakes
that was sponsored by the Great Lakes Basin Commission.

The Michigan Institute of Water Research continually serves as an example of
the seed-grant philosophy used in the funding of OWRR grants. The fact that the
Institute is a part of Michigan State University results in its support by univer-
sity funds at a level that exceeds, considerably, the total support from the Allot-
ment Grant. because of these bases of support, the Institute now serves as a focal
point for research funding of water resource projects by municipalities, chemical
industry, watershed groups and others in addition to OWBR sources. An important
new, industry-sponsored project is a long-term study of the effects of thermal
pollution from both fossil fuel and nuclear- powered electric generating plants.
This contract probably will be extended to include a study of radionuclide contam-
ination of receiving waters. All non-OWRR funds, handled directly through the
Institute, Are now at the level of $250,000 per year and we believe we have now
developed a staff, facilities, and contact base that will enable us to extend this
to a much higher level.

MINNESOIL

William P. Walton, Director

Past development and management practices in Minnesota, as substantial as they
are, have not kept pace with the steadily growing demands placed upon water and
related land resources. With the prospect that within 50 years water and related
land resources demands and needs nay approach or exceed the availability of re-
sources and existing facilities in sosie areas, the State cannot expect to continue
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to avert critical problems without an acceleration in resource development and
management. Minnesota, with proper development and management has sufficient water
and related land resources to satisfy future demands.

The Center's program in FY 1959 was directed toward: establishing a practical
baseline of water quality for Lake Superior through use of the continuous plankton
recorder technique (A-011-MINN); analysis of existing legislation to determine means
for improving water laws in Minnesota (A-015-MINN); ascertaining the physiological
and ecological requirements of the algae responsible for severe blooms on lakes
(A-016-AINN); determining methods for rainfall-runoff predictions on ungaged small
watersheds (A-017-MINN); reconciling water quality management with ecological and
social-economic objectives (A-018-MINN); formulation of an optimizing model for water
quality on selected stretches of the Upper Mississippi River (A-019-MINN); analysis
of hydrologic programs for determination of design floods and for design of spill-
ways and related structures (A-020-MINN); investigation of soil dynamic changes to
assist in solving water problems (8-005-MINN); determination of runoff -titre distri-
bution for a variety of watershed sizes and slopes (B- 007 - MINN); determining the
role of bottom sediments in the phosphorus cycle for lakes of different types
(8-009-MINN); development of techniques where algacides might be used to control
pollution in reaches of the Upper Mississippi River (8-010-MINN); development of a
mathematical model to predict the role of surface runoff and groundwater flow in
overfertilization of surface waters (8-012-MINN); investigation of mist irrigation
in potato crop production (8-013-MINN); and investigation of soil moisture movement
and retention (8-015-MINN).

The Center's program during the next five years is likely to be directed
towards: evaluating water resources administration in Minnesota to provide infor-
mation for legislative action on reorganization of State Water Resources Agencies
(A-021-MINN); measurements to assess extent of eutrophication of the west end of
Lake Superior (A- 022-- MINN); investigation of ecology of periphyton in near-shore
areas of the west end of Lake Superior(B-020-MINN); study of citizens groups in-
volved at the grass roots to improve water resources environment in four metro-
politan areas (8-031-MINN); determination of ecological conditions in the Mississippi
Riser near Monticello, Minnesota,before and after operation of a nuclear power plant
(8-032-MINN); simulating alternative strategies in locating and financing water recre-
ation projects in growing and distressed areas; evaluating impact of water quality
and other factors in recreational use of water areas; integrated study of littoral
vegetation and invertebrate fauna to understand trophic status and effects of pollu-
tion lake metabolism; studies on behavior of snow packs; sociological studies on
behavior toward water pollution control; devising methods of reduction of irriga-
t!on water losses; studies concerning properties of aquifers; determining effects of
agricultural practices on quality of surface and groundvaters; study of use of State
Lakes; determining effects of urbanization on water resources; and completion of
projects ongoing in FY 1969.

Results from projects A-009-MINN on groundwater contribution to streamflov and
aquifers, A-001-411NX on effect of pothole drainage upon groundwater resources, and
8-002-MINN on effect of natural sealing potholes have assisted agencies in preparing
regional and statewide water resources plans. Information from projects A-007-MINN
on use of planktonic desmids as indicators of quality of lakes, A-008-MINN on water
quality and organic productivity of lakes, A-Ohl-MINN on abundance of net plankton
as an index of eutrophication in Lake Superior, and 8- 001 -MINK on diatoms and too-
plankton in Minnesota Lakes has assisted in devising methods to control excessive

productivity of polluted lakes; results of projects A-010-MINN on factors affect-
ing aquifer test results and A-014-MINN on recharge from induced streambed infil-
tration have been used in parts of the U.S. and England to evaluate potential
yields of aquifers receiving recharge from streams; the Corps of Engineers has
been assisted in development of peak rates of runoff design criteria and flood
routing procedures by project A-013-MINN on analysis rf runoff from selected
watersheds and the Weather Bureau has been assisted in flood forecasting activ-
ities by information from 1-005 -MINI on migration of moisture in the soil ilduced
by winter thermal gradients.
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The Center has been helpful in developing 20 new water resources courses,
a graduate option in hydrogeology, a program of graduate education in water re-
sources, and recruitment of 21 new faculty members with an active interest in
water resources. However, partly because of lack of courses and interest on part
of staff in social-economic aspects of water resources, some difficulty has been
experienced in obtaining sufficient graduate students in the water resources

program.

Members of the Center's Advisory Committee and Consulting Council have par-
ticipated in water resources planning activities of the State Planning Agency.
The Center Director has served as: Minnesota's Water Resources Planning Director
(past 2 years) and Governor's representative on Federal-State planning organiza-

tions.

Minnesota has provided about $30,000 to the allotment and $49,000 to the
matching grant programs in 1968. Management of the Center is vested in an
Advisory Committee headed by the Dean of the Graduate School and made up of 15

faculty members. A Consulting Couw.11, composed of 20 representatives from
organizations outside the University, counsels with the Center and assists in
identifying needed research and providing public liaison.

MISSISSIPPI

Melville S. Priest, Director

All nine projects in the allotment program were completed, as scheduled. The
single matching funds project is scheduled for completion within the next fiscal
year. From inception of the Institute to the end of FY 1969, the allotment pro-
gram has included thirty-one projects. All have been completed, and completion
reports have been published for all projects other than those completed in FY
1969. It is anticipated that the completion reports on all projects completed'
in FY 1969 will be published soon after the date of this writing.

The Institute conducted the fourth annual Mississippi Water Resources
Conference. The "Proceedings" of the Conference were published and given national
distribution. to addition to publications of the Institute, ten technical papers
related to the Institute's program were presented and/or published during FY 1969.
Several additional papers have been prepared and accepted for presentation and/or
publication during FY 1970.

The training of students is an integral part of the Institute's operation. A
total of thirty-six students participated in the Institute's federal programs and
received payment for services rendered during FY 1969. Of these, fifteen were
undergraduate students and twenty-one were graduate students. Many more students
in the various areas of the Institute's multidisciplinary programs were intimately
aware of its research activities, even though those students had no reaponsibili-
ties in connection with the research.

The Institute maintains close contact with the fifteen private, state, and
federal agencies represented on its Advisory Council. Contacts and cooperative
efforts with other agencies are being expanded. For instance, the Pat Harrison
Waterway District has agreed to provide matching funds for a study to be conducted
during fiscal years 1970 and 1911.

In addition to the federal funds available to the Institute, certain state
funds were available for research, development of facilities, and operation of
the Institute. Two research projects were supported entirely with state funds.
One was completed in FY 1969 and the other is continuing. A new building war
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assigned to the Institute for development as an hydraulics laboratory. Within
this laboratory, a wave basin is now in operation and a recirculating system for
the study of free surface phenomena is under construction.

During FY 1970, nine annual allotment projects are being conducted. It is
estimated that the individual projects will have been from 35 to 60 percent com-
pleted by the end of calendar year 1969. Matching grant projects B-005-MISS and
5 -006-MISS which deal respectively with organization, development, and management
of community water systems in rural areas, and a case study in the formulation of
a water resources management plan, are expected to be about 15 to 20 percent com-
pleted by the end of December 1969.

MISSOURI

George E. Smith, Director

Missouri citizens have until recent years, given little attention to the
state's abundant water resources. Only when excessive runoff causes serious
erosion or flooding on the major streams, when July and August precipitation is
inaaequate for optimum production of summer crops, or in some rural areas where
groundwater is highly mineralized and domestic supplies are inadequate, has there
been much public concern. Average rainfall is ample for the production of grain
and livestock--the main sources of income in the state. There is ample surface
water for barge transportation on the major rivers. These rivers also furnish
abundant water for the large growing cities and have been used for waste disposal.
Changes in work patterns, and more leisure is creating an expanding interest in
water for recreation. There is particular interest in utilizing for recreation,
but protecting, the clear streams of the Ozark region.

Growing waste disposal problems of the major cities, occasional fish-kills
from heavy runoff of large cattle teeding operations or insecticide spillage and
concern for eutrophication in ponds and lakes is creating concern about water
pollution. There is particular interest in the contribution of agriculture to
stream and groundwater pollution, and how control methods will influence agricul-
tural production.

The Water Resources Research Act has given new emphasis to water research at
the University of Missouri. tt has stimulated public awareness and provided incen-
tives for research that can develop and protect water supplies for future use with-
out the deterioration and problems that have occurred in maLy of the more popu-
lated states.

The four-campus system of the Univereity of Missouri makes it one of the
largest of the Land-Grant Institutions in the country. Most disciplines, where
water resources research is normally conducted, are included in departments on
one or more of the campuses. The demand by the staff for support of water re-
search projects far exceeds available funds. Because of the widespread research
interests of capable staff no specific limitations have been placed on the type of
allotment research projects funded. There has been a trend, however, to encourage
some water studies that have received but limited support in the past. Both basic
and applied :Jseatch is supported. It is expected that the main thrust of the
Center's program in the next five years will be in the area of water quality,
Including research on sources of pollution, techniques that will improve vaste
water treatment, processes that will permit new mineral discoveries to be de-
veloped without pollution of streams in a region where recreational demands for
water are increasing, and the contribution of agricultural practices to water
pollution.
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Some of the early.proiects initiated with center funds and deyeloped further with
the r sources of support are becoming use!ul to the state and region. There is a

growing demand for more information than is available. During the past year the
individual investigators, a water resource specialist in the Cooperative Extension
Service, and the Center Director, have been active in facilitating the practical
application of research in the State and Midwest through talks, newspaper and
magazine stories, use of radio tapes, and through television appearances.

Some of the more useful findings of Center supported research projects are:

o Natural contents of heavy metals in the clear streams in the Ozark
region have been determined. Improved methods for removing heavy
metals from water have been developed. Utilization of these new
methods will permit development of extensive new lead, zinc and
iron deposits without stream pollution. (Projects 8-017, B-021, and
A-021-M0)

o The addition of heat to multiple purpose reservoirs has
increased the growth of fishes and extended the recreation
season. With adequate ratios of water volume to heat added
by power generating plants there are benefits rather tSan
pollution effects. Acid drainage has not been detrimental
when there is sufficient dilution. (Project A-020-M0)

o Techniques have been developed that could increase the
capacity and efficiency of existing sewage treatment
plants. (Projects A-010 and A-015-M0)

o The Missouri Center, working with other programs on both
the Missouri Campus and with other Midwestern states is
developing sound information on the contri'Jtion of agri-
cultural operations to water pollution. Much of this data
refutes many unsubstantiated opinions that are noy making
headlines. (Projects A-016 and 8-037-MO; and regional
activities of the Center)

o Supplemental irrigation is a growing practice, in this
humid area, to protect the investment input in crop pro-
duction. Fundamentals involved were developed by Projects
A-003 and 8-011440.

o Studies are being conducted that should serve as a basis
for a sound water law in the state. (Project A-008410)

o Studies are being made of rural water districts. These
districts are bringing ample amounts of pure water to
some rural areas for the first time. Major differences
in rural and city living are being eliminated. In some
areas there is a reversal of movement of people from the
country to cities. (Project A-018-M0)
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MONTANA

Helmer C. Holje, Director

The research program of the Montana University Joint Water Resources Research
Center is now reaching a more productive stage with the completion of four full
years of opt.rations. When the program was initiated on April 1, 1965, all of the
research projects w. re new. None of them involved supplemental funding for re-
search projects already under way in other research components of the University
System which might have given the impression of productivity at an earlier date.
Eleven allotment projects are being closed as of June 30, 1969, and will be pro-
ducing completion reports and, in most cases, publications during the next six
months. Eight new allotment projects are being initiated as of July 1, 1969.

Allotment project A-007-MONT, "Mountain Precipitation and Distribution," pro-
vided the basic support for the "spin-off" of a major multidisciplinary research
effort involving substantial funding from three other sources. The OWRR funding
for A-007-MONT has not exceeded $10,200 in any one fiscal year since the project
was initiated on July 1, 1966. The three associated research grants and contracts
are as follows:

(1) A contract with the Bureau of Reclamation in the amount of $278,000 for
research on the technology of winter cloud seeding was completed on June 30, 1969.
A new contract in the amount of $595,000 for continuation of this research has
been entered into with the Bureau of Reclamation for the period July 1, 1969, to
Jzne 30, 1972.

(2) A grant from the National Science Foundation in the amount of $215,000
for research on the ecological effects of weather modification. This grant
expires on December 31, 1969, and a proposal will be made for continuation of
the research parallel to the Bureau of Reclamation contract.

(3) A contract with the U. S. Army Research Office--Durham--for research
on mountain snowpack as an environmental indicator. This contract will have
provided $110,943 in funding during the three-year period July 1, 1968 -
June 30, 1971.

A-007-MONT and the above listed projects comprise a major multidisciplinary
research program at Montana State University. Coordination has been through a
committee representing the Center for Envirom-zntal Studies. The completion date
for A-007-MONT has been extended for one year to June 30, 1970, so that a more
definitive report can be prepared.

The Center has carried on a major research program concerned with the de-
velopment and applicati^n of instrumentation to the measurement of natural
factors in remote areas. Completed projects include A-001-MONT, "Basic Hydro-
logic Studies of Two Selected Montana Watersheds"; A-006-MONT, "Hydrologic
Instrumentation of Maynard Creek Watershed"; B-002-MONT, "Hydrologic Data
Acquisition Through Remote Reconnaissance Systems"; and 8-006-MONT, "Instrumen-
tation of Remote Areas." B-014-MONT, "Digital Instrumentation and Telemetry for
Water Resources Research" will be completed on August 31, 1969, and B-025-MONT,
a continuation of B-002-MONT with the same title, has a completion date of
June 30, 1970. Although much instrumentation will continue to be used on many
of the Water Center projects, additional research and development work on instru-
mentation will be carried on with other than OWRR funding.

The research program of the Center indicates an increasing concern with prob-
lems of water quality. Completed projects include A- 017 -RANT, "A Study of Natural
Water Systems in Western Montana"; A-018-MONT, "Effects of Logging on Small Stream
Fisheries"; A-032-MONT, "The Effect of Copper on Algae of the Big Blackfoot River";
and B-009-MONT, "Industrial Organic Micropollutants and Protozoa." Continuing and
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new projects include A-027-MONT, "Microbiological Studies in an Open and Closed
Watershed"; A-028-MONT, "Sourdough and Middle Creek Watersheds - A Comparative
Study of Quality and Hydrology"; A-037-MONT, "Sculpins and Sculpin Parasites

as Indicators of Stream Quality"; A-038-MONT, "Testacea as Indicators of Water

f!uality in Western Montana"; and A-040-MONT, "The Fate and Effects of Pesticides

in the Aquatic Environment."

Several research projects of the Center will contribute to water resources

planning. A completed study, A-025-MONT, "Computer Simulation of the Hydrologic
System of a Mountain Watershed" is followed by a new project, A-034-MONT, "Com-

parison of Field Measurements to Computer Results of Mountain Watersheds."

Another new project is A-033-MONT, "Planning for Multiple Purpose Water Resources

Development." A major research effort of the Center is B-029-MONT, "Development

of a Simulation Model for a State Water Plan" with matching funds of $111,150

being provided by the Montana Water Resources Board.

A research project for one year only (1968-69) has important implications for

future research in the Center. Thirty-six faculty members participated in A-026-

MONT, "A Study of Water Resources Research Needs in Montana."

Arrangements are being made for a Seminar on Water Law in October, 1969, to

involve representatives of State and Federal agencies and others.

NEBRASKA

Warren Viessman, Jr., Director

Water is an exceedingly important natural resource in Nebraska and because
of this the University is vitally concerned with developing useful programs in
education and research which relate to the development, management and use of

this resource. The Nebraska Water Resources Research Institute (NWRRI), in asso-
ciation with many University departments, state and federal agencies, and other
organizations is engaged in the development of a comprehensive research program
and the training of water scientists.

Important water problems faced by Nebraska and the region include floods,
droughts, erosion, non-uniform distribution of precipitation, water quality
deterioration, declining water tables, land drainage, effective water resources
management, water rights, and the development of modern institutions capable of
administering water resources programs.

The Nebraska Water Resources Research Institute is striving to contribute to

.
the potential of the state for developing and implementing effective water re-

sources programs. Research projects are being designed to effectively fill the
information voids which now preclude the adequate solution of a variety of water

resources problems. With proper coordination, much of the knowledge gained should
be of a form suitable for objective use by planners, designers and decisionmakers
in the conduct of their tasks. Well-planned research activities are being de-

veloped to explore feasible project alternatives in an unbiased manner.

Efforts are being made to coordinate the research program with the needs of
the state water planning effort. Projects which should provide useful information

to water resources planners include A-013, A-014, A-016, and B-003-NEB. These

projects are designed to: (1) study the legal problems associated with the
coordinated management of surface and ground water supplies; (2) explore the
alternatives available for the water quality control of recreational lakes; (3)
evaluate the feasibility of developing useful mathematical models for state water
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resources planning; and (4) study the suitability of various management practices
for abating pollution from animal feedlots. Other useful research results are
expected relative to: the recharge of municipal well fields using silt-laden
streams (A-011-NEB); evapotranspiration mechanisms and control (k-001 and A -005-
NEB); reduction of erosion and pollutional input through the employment of advanced
land management practices (A-003-NEB); the economic development of small rural
water supplies through desalination (A-007-NEB); the economics of developing irri-
gation projects (A-004-NEB); and the costs associated with pollution control in
the meat packing industry (A-008-NEB). The results of most of these projects will
be of immediate practical value.

Four research projects were completed in fiscal year 1969. The results of
project A-003-NEB are b.ing put to practical use in the design of soil and water
conservation systems for Nebraska farms. Projects A-001 and A-005-NEB have pro-
duced considerable data which can be applied to the selection of crop types and
design of physical controls for increased water use efficiency. A better under-
standing of the evapotranspiration process has also been an outcome of these
studies. Proje-t A-008-NEB has provided needed information on the costs of treat-
ing meat packing waste waters and the relative impact of these costs on the meat
packing industry. The state Health Department and others concerned with water
quality control are much interested in this kind of information.

The opportunity for expansion of the research effort is limited at pre,,ent
only by the shortage of financial support and the problem of attracting investi-
gators from several important disciplines.

Effective working relations between the Institute and various state and
federal agencies, other educational institutions, industries and other organi-
zations associated with the water resources field have been established. A sound

basis for cooperation in planning and conducting future research in association
with these organizations exists. Several of the state agencies have been espe-
cially helpful in pointing out areas of research need. The Bureau of Reclamation
and the Federal Water Pollution Control Administration have also been very helpful
in this respect.

During fiscal year 1969, the Water Resources Institute sponsored or co-
sponsored several seminars or confercnces designed to meet specific needs. In

general, these were of two types. The first employed t1.1 personnel engaged in
water resources research on campus, and the second made use of invited experts
on various aspects of the water resources field. A major seminar on evapotran-
spiration was held in June 1969.

Research findings and other activities of the Institute are from time to
time reported on in the campus, local, and other newspapers. Short news releases

are also carried by local radio and television stations when appropriate. A

monthly news letter was initiated in May 1969 to provide current information on
water resources to as many interested persons as possible.

The outlook for the NWRRI is very good. Productive research programs are

established and the potential for future research is great.
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NEVADA

William S. Butcher, Acting Director

Major current and anticipated water problems of the state and region may be
classed in the following categories:

1. Problems centering around management and development of the resource.

2. Problems involving planning for optimal resource use.

3. Problems arising out of lack of knowledge of the resource.

In recent years it has been stated, and, for the most part accepted, that the
surface waters in Nevada are fully appropriated and therefore put to use. This

concept has, in turn, led to the idea that the only "new" water to be developed in
the State is from the ground-water reservoirs. Actually it can be demonstrated
that considerable additional amounts of surface water, as well as ground water, can
be developed with more efficient management and development schemes, especially as
demands for higher value uses occur. Further additional water can also be developed
from more efficient use of water (i.e., irrigation efficiency in ITevada is reported
to be about 25 per cent). Thus solution of these management and development prob-
lems is of great importance to the State and region.

Without careful and appropriate planning, efficient (or optimal) management
and development programs probably cannot be devised. Adequate planning cannot be
accomplished without certain lines of research, especially in methodology and data-
handling and analysis. Thus all three categories of problems are closely related
and interdependent.

The program of the Center to date and for the next few years is concentrated
on development of a better understanding of the ground-water resource and of metho-
dology which allows for more efficient, comprehensive interpretation of the avail-
able facts concerning the whole water resource. This program is especially well
exemplified by our four-year statewide study of regional ground-water systems,
development of management models for conjunctive use of ground and surface water in
Las Vegas Valley and the Humboldt River Basin, and development of basin models in
the Ttuckee-CarSon area. Quality of water studies have been conducted on thermal
springs and ground-water relations in mineralized areas. Also, under other
sponsorship a quality of water study on the Truckee drainage complements the basin
modeling. Support operations such as the organization of a Water Resources Data
Center and a chemical laboratory are also significant contributions to the overall
effort.

Applications of the research effort to practical problems are illustrated by
the adoption and utilization of analog methodologies (developed by the Center) in
Las Vegas Valley by the Las Vegas Valley Water District, on Colorado River by the
Colorado River Commission of Nevada, and on the Humboldt River by the various water
users. Management programming procedures developed at the Center are also being
used in Las Vegas Valley. The Forest Service is using the results of Center studies
on watershed soils to improve range and watershed management procedures. For the
past several years Center methodologies in watershed analysis have been applied to
problems encountered by the Department of Agriculture Basin Field Party in the
Lahontan Basin operating under P. L. 566.

The research program has resulted in an improved training program for graduate
students in hydrology, hydrogeology, and water resources. Many members of the
Center staff teach in the program and supervise masters and doctoral theses. Most
of these theses are based on Center research projects. The Center has also been
able to encourage hiring of and partially supporting research programs for new
staff members for several departments, most notably in the areas of systems
analysis, law, and hydrogeology.
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The Center staff have actively supported and participated in the Nevada Water
Conference, an annual affair. They also attend the Conservation Forum which is a
monthly meeting of interested citizens from all walks of life. In the past few
years the Center has actively cooperated with other universities in research
projects, most notably with the University of Wisconsin and Pennsylvania State
University.

NEW HAMPSHIRE

Gordo', L. Byers, Director

Pollution in all aspects, as it affects water quality, is the major problem in
water resources facing the state of New Hampshire today. This problem is far more
complex than is recognized by most people, even some of those actively involved in
the water resources field. Because of the many and varied demands placed on water
resources in New Hampshire and apparent ennui], abundance, it is anticipated that
the problem of water quality as it relates to the competing uses will become more
critical. More detailed information is going to be needed on how to supply a uni-
form flow of water at all times in various degrees of quality to meet these demands.
It is possible that the overall demand for industrial services may already override
and exceed the demand and importance of household consumption.

The Water Resource Research Center is concentrating its efforts in the area of
developing information for decision makers at all levels who are responsible for
regulating water quality and quantity. Allotment Projects A-004, A-010, and A-013
are expected to provide information on control of the algae and thus contribute to
the aesthetic and recreational use of water. Project No. A-013 is expected to
develop methodology which will detect and enumerate disease-carrying viruses in
surface waters. It is expected that this project can be expanded to include deter-
mination of how viruses are transported in surface waters. This will lead to con-
trol measures for regulating level of viruses in water. Projects A-009 and A-015
are expected to develop information that will contribute to the management of
quality and quantity of water resources in New Hampshire by improved instrumenta-
tion and a better understanding of how to manage wetlands.

Completed projects such as A-003, A-007, aLd B-001 have produced results that
are being used to improve water resource management. The projects have (1) de-
veloped a method of analysis that could be fully automated for determining quanti-
ties of trace elements in water -- commercial instruments are currently being de-
veloped by industry; (2) determined that the stabilization pond method or sewage
disposal as an adequate and safe disposal system il very questionable unless a
series of ponds and effluent chlorination is useAand expert supervision is avail-
able at el times; and (3) found that fish subjected to sublethal doses of DDT have
a higher mortality cf eggs and are themselves very susceptible to mortality when
food is scarce. These research findings will eventLilly lead to determining de-
sirable and safe methods for handling wastes and pest protection.

The Water Resource Research Center is an active member of the New England
Council of Water Center Directors, and assists in sponsoring Regional Resources
Conferences through this council. It is expected that this council will take the
leadership in initiating regional research on water problems. The Chairman of the
Center is a member of the Environmental Technology Advisory Group organized to
assist decision makers and planners on water resources problems in New Hampshire
and Vermont. The Chairman of the Center attends as many state and regional water
resources meetings and symposiums as possible. Other members of the faculty of the
Center are also actively participating in state affairs, by working directly with
those agencies involved with water resources; for example, the State Geologist.
Academic contribution, in addition to graduate student and research support, in-
cludes support and interest stimulation in departmental sponsored seminars.
Faculty members at St. Anselm's College and Franconia College are actively involved
with the Center programs.
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The State, through its Water Pollution and Supply Commission and Fish and Game
Department, is contributing directly to the Center's program by providing boats and
a mobile laboratory, and has installed some structures to facilitate the research
work. The major problems are (1) limited supply of non-Federal funds for matching
grant programs limits the expansion of the Center program, and (2) recruiting re-
search proposals on the socio-economics of water resources.

NEW JERSEY

William Whipple, Jr., Director

Unquestionably, the main problems in New Jersey and the surrounding North
Atlantic region are the rapidly progressing urbanization and its effect upon water
quality and the environment. Not only technical, but economic, social and govern-
mental organization problems are serious.

The main thrust of the State Institute program is now and is likely to remain
upon three major fields: (a) organic pollution and biochemical oxygen demand of

river systems, (b) urbanization as related to water resources planning and (c)
economics of water resources. The institute program continues at a high rate of

activity. On 1 July 1969, the number of active projects stood at 34, including
major involvement from both Princeton University and Stevens Institute. Budget

support continues to be given by the state for matching fund projects.

Projects A-018-NJ and B-014-NJ are expected to produce an important synthesis
of viewpoint in water resource planning between the desired development of the
water resources of the Mullica River, and the preservation of ecological values in
the estuary and bay below. Determination of the best means of mixing density-
stratified lakes is expected to result from B-005-NJ and B-024-NJ. Project B -002-

NJ, besiOms important interim results noted below, is expected to demonstrate how
economic rowth in rapidly urbanizing river basins is correlated with total organic
po1lLcio., loading of these rivers. The study of effects of pollution upon anadro-
mous fishes (B-012-NJ) is expected to provide findings immediately applicable to
water quality control on the Delaware River, as well as elsewhere.

Project A-016-NJ will provide much-needed analysis of government organization
for pollution control in NJ, and suggest improvements; and Project A-029-NJ will
conduct a similar analysis for water supply.

The project on Water Law in NJ (A-001-NJ) has produced an excellent paper
which state agencies report has. substantial value to them. Reports have been pub-

lished on Projects A-005-NJ, B-005-NJ, B-008-PA, and A-002-NJ. Project A-014-NJ,
"Economic Basis for Water Resources Analysis," has resulted in a book and several
journal publications, two seminars at other major universities, and an application
to the principles of flood plain economics made at the request of the Executive
Director, Water Resources Council and since published. A major publication in book
form, entitled "Instream Aeration of Polluted Rivers" resulted from an re/PCA demon-
stration project 16080DUP conducted in combination with three OWRR rese=r,..11 projects,

B-002-NJ, B-010-NJ, and 8-011-NJ. Several papers have already resulted from this

activity and others are pending. Based upon field tests and careful research into
related aspects, the operating effectiveness and costs of instream aeration systems

have been determined. An application to the Passaic River, NJ, has shown that an
aeration system costing $194,000 annually would be as effective in raising dis-
solved oxygen levels as advanced waste treatment estimated to cost $785,000 annually.
The project 8-002-NJ, on Urbanization and Water Resources, has resulted in a finding
of major importance not included in the original project objectives. A BOD mass

balance analysis of three river basins showed that, of the total organs pollution

157



entering the streams, less than half in each case could be accounted for as origi-
nating in recorded waste treatment effluents. This totally unexpected result has
important policy implications, and calls for much more thorough analyses of the
oxygen regimen of such rivers. Further research along these lines has already been
authorized.

Among other activities, the institute director acted as summary speaker for the
August 1968 conference on Urban Hydrology of the Engineers Research Foundation, as
general chairman and theme speaker for the annual meeting of the American Water
Resources Association, and taught graduate courses in economics and planning of

water resources at both Rutgers and Princeton Universities. The institute also
conducted the WRSIC center of competence for abstracting literature in the field
of water resources economics.

Good relationships have been maintained with Federal and State agencies, in-
cluding the State Departments of Conservation and Economic Development and of
Public Health, the Corps of Engineers, the Federal Water Pollution Control Admin-
istration and the Delaware River Basin Commission. Relationships with the New
Jersey office, U. S. Geological Survey include not only routine exchange of infor-
mation, but exceptional cooperative arrangements. Contacts with other universities
and meetings participated in are too numerous to be detailed.

NEW MEXICO

H. R. Stucky, Director

Current and Anticipated Water Problems - Water is the most critical resource
problem in the State of New Mexico. Over 80 percent of the area of the state is
in either the Rio Grande or the Coloradu River drainage areas. These two drainage
areas are the shortest of water in relation to projected needs of all the river
basins in the United States according to the reports of the Senate Select Committee.
Of the 1,009,930 acres of land irrigated in New Mexico, 521,710 acres are totally
irrigated from groundwater only, and another 145,415 acres are partially irrigated
from groundwater. The majority of the land irrigated from groundwater drays its
supply from non-recharging basins. Some areas have now completely exhausted the
storage, and up to 200,000 acres are moving toward that point at an accelerating
rate.

The State of New Mexico would be greatly benefitted from an importation of
water from the Mississippi River or from Canada and/or Alaska. However, the major
questions upon which research is badly needed is how to program our present water
supply to produce as much as possible in line with good conservation and multiple
use principles. Almost 100 percent of the municipal and industrial water is ob-
tained from groundwater supplies. Studies of the methods of preserving the quan-
tity of the groundwater and of procedures for the most economical procedures for
transfer of water from one use to another are greatly needed.

Main Thrust of Institute Program - The main thrust of the State Institute pro-
gram during the next five years is likely to be to contribute information toward
the development of a total state water plan. The Pecos Basin matching grant
project B-006-NMEX and B-011-NMEX just being completed, and the Rio Grande matching
grant project B-016-NMEX interdisciplinary-interuniversity studies -- are de-
veloping important basic data and basic concepts which will contribute to the state
plan. In matching grant projects B- 014 -NMEX and B-015-NMEX, J. U. Anderson, is

identifying the most potentially productive irrigated land for use in the state
river basin planning project and for the future state plan. Annual allotment
project A-006-NMEX (3109-63), Eldon Hanson and Boyce C. Williams, just ending, has
proven by use of sub- o "rface irrigation that cotten yields could be increased by
about 25 percent while at the same time the const.mptive irrigation requirement
could be reduced by about 20 percent.
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Decision making models, gross systems analysis, more accurate analysis of
hydrologic data, use of'saline water resources, water recycling, control of water
pollution, and scientific irrigation methods to conserve water are other items
which will be emphasized.

Application of Research Results - The results of annual allotment project
A-011-NMEX, R. E. Speece, "U-Tube Aeration", are being applied in the aeration of
an effluent pond by the City of El Paso to reduce odors in a sewage reservoir.
This same procedure has potential in adding oxygen to non-aerated water being
withdrawn from the lower levels of reservoirs so this eater will maintain fish
life or avoid killing fish which may be in the water below the dam at the time the
otherwise non-aerated water is released. The completed project, A-005-NMEX by
H. E. Dregne, on salinity of water in crop production has contributed greatly to
information on the effect of various quantities of saline water on yields of
various crops. Matching grant B-005-NMEX by Frank B. Titus, "Geohydrologic Factors
Affecting Rate of Evaporation from Moist Playas", is a classic study on the evap-
oration processes of playas in this arid area and contributes much to the scien-
tific knowledge in this area.

Other Activities and Accomplishments - The Water Resources Research Institute
projects are conducted by research investigators at New Mexico State University,
Las Cruces, University of New Mexico, Albuquerque; and New Mexico Institute of
Mining ave. Technology, Socorro. Two other state institutions, Highlands Universi-
ty, Las Vegas, New Mexico; and Eastern New Mexico State University, Portales,
New Mexico, have been contacted regarding research proposals. The State Engineer
Office, State Planning Office, State Health Department, State Department of Game
and Fish, State Department of Agriculture, U. S. Geological Survey, U. S. Soil
Conservation Service, U. S. Bureau of Reclamation, and the Federal Water Pollution
Control Administration have actually participated in Institute research projects,
and/or cooperated in making information available to research investigators and
have representatives on various advising committees or consultant groups with the
Institute project personnel. New Mexico State University Administration through
President R. B. Corbett's office and through the Agricultural Experiment Station
and Engineering Experiment Station administration has contributed greatly to the
success of the Water Resources Research Institute programs.

Water Resources Research Institute Building - The State Board of Educational
Finance has approved the New Mexico State University proposal for the construction
of a Water Resources Research Institute Building on the New Mexico State University
campus. The bids were advertised for opening on July 17, 1969. A period of 180
days is specified for completion following the signing of the construction contract.

Matching Funds - The State of Ne.: Mexico supplies funds ;or the several
matching grant projects through the three University budgets where the research is
conducted. It also contributes to consulting time through the several state
agencies and through the university personnel who contribute indirectly to the
research programs.

Annual Water Conference - The Water Resources Research Institute is the major
sponsor for the Annual New Mexico Water Conference. The Fourteenth Annual Con-
ference was held March 27-28, 1969. The proceedings of each of the fourteen con-
ferences have been published and they have contributed much to the public under-
standing of the water situation in New Mexico and the Southwest.
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NEW YORK

Leonard B. Dworsky, Director

With this annual report, the Cornell University Water Resources and Marine
Sciences Center (the Cornell Center) concludes seven years of activity. Organized
in 1962, the Center became effective in 1964 in response to the interest and sup-
port created by the Water Resources Research Act of that year (P.L. 88-379).

The primary objectives of water policy in New York and surrounding eastern
states are:

- to free its citizens and their economy from the fear of floods and
recurrent droughts;

- to control water pollution and to improve the quality of water
resources to protect public health, increase recreation and fish
and wildlife values, and to conserve the natural environment; and

- to improve the effectiveness of political institutions and laws
that affect the management of water resources.

During the past five years the Cornell Center selected areas of study that
could best contribute to these objectives, considering the capabilities of the
University-faculty, students, facilities and money. An example of one study is
that ccncerned with studies of the supply of water available in New York State and
the Northeast in relation to present and future water demands. Two major water
shortages in New York City within a decade; the provision of an adequate water
supply to serve the growing population and industrial development of the Susquehanna
River Basin; and the need for Syracuse to reach to Lake Ontario for its future
water supply help to explain the importance of this study.

Professors D. J. Allee, H. E. Conklin, M. L. Falkson, L. B. Dworsky and G. S.
Levine in cooperation with Graduate Students reported on recreational, industrial,
agricultural and municipal water supply availability and demands. Part of the
results of these studies have been used by the Corps of Engineers in planning for
future water needs in the Northeast, by the New York State Agricultural Resources
Commission appointed by Governor Nelson A. Rockefeller, and by the program of the
New York State Water Resources Commission and other agencies. (A-001-NY),
(B-002-NY), and (B-014-NY).

A second illustration involves the application of modern management techniques
Co water problems. The application of systems analysis methods to a wide range of
single and multi-purpose water management problems (e.g. water pollution, flood
control, irrigation, hydro-electric power) involving mathematical procedures and
computers is gaining in importance. Professor D. P. Loucks Las developed proce-
dures for determining alternative policies to achieve various goals under condi-
tions where several water purposes have to be served. This program has led to a
program in which Professor Loucks representing Cornell has joined with faculty
members of Harvard University to develop programming models for the Delaware River.
(A-010-NY and C-1640) .

During the past two years the Cornell Center has brought to completion a
major study on the Modernization of Eastern Water Law (Professor W. A. Farnham,
B-003-NY), has carried out and strengthened its program in the aquatic environment
(the Great Lakes and the Finger Lakes of New York State) (J. P. Barlow, A-007-NY;
W. H. Brutsaert, A-009-NY; C. D. Gates, A-012-NY; A. W. Eipper and C. A. Carlson,
A-013-NY; M. Alexander, A-014-NY; R. G. Young, A-015-NY; D. A. Webster, A-019-NY
and R. T. Oglesby, A-025-NY); continued to assess current processes and assist in
the development of new advanced waste treatment technology for pollution control
(Professors A. W. Lawrence, A-016-NY and V. C. Behn, A-017-NY); and has pursued

studies concerned with the improvement of water management institutions for
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pollution control and River Basin Commissions. The latter study is being carried
out in cooperation with the New England River Basin Commission and the National
Water Resources Council (Professor L. B. Dworsky, C-1925).

During the past five years the Cornell Center has been able to maintain a
program outlined initially during 1964. If criteria for measuring success are
participation by faculty and students from a large proportion of the university's
colleges;production of useful knowledge on questions of concern to society; and
translation and distribution of that knowledge to government agencies, universities,
industries and others; the Cornell program can be called successful. In addition
to these direct results, the Cornell Center has played a more subtle role in
maintaining a visibility for water and related resources research and training
and has provided a focal point for public service activities that otherwise would
not exist. Under these criteria, it is apparent that the achievements anticipated
by the Congress are being attained.

For the period 1970-74 the Cornell Center proposes to concentrate on the de-
velopment of an improved technology to more effectively control water pollution;
to strengthen its efforts in the aquatic environment with significantly greater
efforts in the Great Lakes, the Finger Lakes and adjoining Lakes of New York; to
contribute to the identification of weaknesses in government institutions and to
recommend ideas for institution building at local, state, regional and national
levels for the improved management of water resources; and to concentrate on urban
water problems with special reference to the planning and social problems of the
urban community.

There is a great interest on the part of faculty and students to attack impor-
tant social problems. Water problems such as water pollution, urban water manage-
ment in relation to urban living, conserving lakes and the natural environment and
modernizing law and government characterize a class of social problems that can be
attacked by universities and their Water Centers. The rate of such an attack is
dependent upon the ava:lability of funds. The recommendations (in t:te Resolutions
of the 5th Annual Meeting of UCOWR) if adopted, would enable the universities to
utilize their ability to provide new knowledge about these problems and to bring
this knowledge effectively to using persons and organizations. With the increases
contemplated, the Cornell Center could make substantial improvements in the program
during the next five years.

NORTH CAROLINA

David H. Howells, Director

North Carolina's water resources are generally abundant, but rainfall and
storage vary considerably in time and space. Periods of excess and drought are
relatively common. There is also a lack of harmony between the distribution of
population centers and available water resources.

A proliferation of small community water and sewer systems with associated
deficiencies due to poor planning and operation demands attention. There is no
established procedure to assure ,..00rdination of actions taken at the local level
or the consideration of alternative arrangements for the provision of services.
The absence of a clearly established responsibility for comprehensive planning
of water and sewer services throughout the state has been a limiting factor.
Another is the lack of a State Water Plan relating the available water supply to
existing and future demands as a framework for the efficient utilization of both
ground and surface water resources. The Water Resources Research Institute joined
with the Institute of Government in sponsoring a statewide symposium on December
4, 1968, calling attention to the problems and need for action. A summary of the
principal findings was sent to the legislature, the Govetaor and principal state
officials.
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A multicounty region encompassing the estuaries of the Neuse and Pamlico
Rivers is currently experiencing difficulties with the principal ground water
supply of the Coastal Region because of dewatering operations associated with open-
pit phosphate mining. The reduced pressures in the artesian aquifer threaten salt
water intrusion and the region has been declared a "capacity use area" with state
regulation of water use. The Institute has undertaken research leading to the
development of an electric analoglabdel to guide water management (A-026-NC and
B-005-NC).

The Pamlico River Estuary will be markedly changed as a result of phosphate
mining and related industrial and population growth. The quality of estuarine
waters is important because of their value as f.3hery nursery areas, for commercial
and sports fisheries, and recreational use. A major Institute research effort has
been directed toward this problem since 1966 (B-004-NC and A-030-NC).

Present drainage practice in the Coastal Plain threatens destruction of one
and one-half million acres of organic soils, interference with fish and wildlife
habitat, and ground water recharge. Other agriculture water use problems include
pollution from agricultural chemicals and animal wastes. All of these were dis-
cussed at a Workshop or, Agricultural and Water Use sponsored by the Institute on
March 14, 1969. Research on fertilizer loss to surface and ground waters, the
design of a pesticide monitoring system, and criteria for drainage and irrigation
is being sponsored by the Institute (A-031-NC, A-021-NC, and A-033-NC).

The Outer Banks are of great importance to the state for their recreational
value and protection of the mainland from the open seas. A key factor to both is
the continued availability of the limited fresh water supply. A related Institute
study in close cooperation with the Geological Survey is currently underway.
(B-006-NC).

Streams feeding authorized new impoundments in North Carolina carry sufficient
nitrogen and phosphorus to create excessive algal growths and related water quality
management problems. Two major Institute projects are directed toward this problem
(B-003-NC and B-007-NC).

Some sections of the state are now confronted with the need for the highest
possible degree of waste treatment to comply with water quality standards in

receiving streams. A study of pollutants contributed to the Research Triangle area
by surface runoff from a typical urban watershed in Durham was undertaken last year
to develop information in this area. (A-034-NC).

Water quality problems from industrial wastes in North Carolina come largely
from the textile, pulp and paper, and frx processing industries. The practice of
dealing with industrial wastes primarily as treatment problems inflates the cost
of remedial action. Waste treatment is expensive and should be the last resort.
Such alternatives as more efficient water use, chemical substi.. mion and recovery,
process change, waste by-product development, and other internal means offer many
possibilities for substantial cost savings to the industries involved. Because of
the steady demand for a decrease in waste discharges by industry in the face of
rising production, every effort must be made to eliminate wastes at the point of
origin as well as to forge ahead with the development of improved treatment tech-
niques. The Institute has a number of research projects looking into various
aspects of industrial water use and waste control (A-035-NC, A-036-NC, A-032-NC,
and A-037-NC).

Land development in the vicinity of large multipurpose reservoirs poses many
problems in water resource management. Demand for reservoir shoreline usage is
increasing rapidly, and conflicts between uses of the reservoir and shoreline
development are becoming acute. An important Institute project involves the de-
velopment of a forecast model for the testing of alternative policy mixes for their
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effectiveness in promoting desirable land development patterns around multipurpose
reservoirs (B-012-NC). A concurrent study of the Durham Municipal Watershed is
investigating the effects of various types of land use on water yield, quality and
cost (B-010-NC).

Vast areas of North CArolina offer almost unlimited opportunities for the de-
velopment of a water-based recreation industry. The absence of rationale for
estimating the recreation capacity of natural and artificial bodies of water leaves
an ever-widening gap in the credibility of resource development plans. The Insti-

tute is presently formulating concepts and methodology for estimating the volume
of recreation use which can be properly supported by various types of waters
(B- 013 -NC).

Thirty-seven communities in North Carolina have requested flood information
studies from the Corps of Engineers, U.S.G.S. or T.V.A. Yet, very little com-
munity action has materialized following completion of the studies. The Institute
sponsored a workshop to identify additional stcps which might be taken by action
agencies and/or research needs.

The main thrust of the Institute program in the next five years will fo-

cused on water resources planning and water quality management. This will be
guided by an advisory committee under the chairmanship of the Director, North
Carolina Department of Water and Air Resources, and Institute studies on research
needs, faculty research interests in all universities of North Carolina, and inven-
tories of research--information and data (A-018-NC and non project studies).

The North Carolina legislature recognized the importance of Institute research
to the management of the state's water resources by approving the full amount of
the University's appropriation request for the Institute program during the 1969-
1971 biennium.

NORTH DAKOTA

Dale Anderson, Director

Various state and federal agencies are charged with the responsibility of
developing and implementing plans for effective water resource development and use
to enhance the economic environmental growth of the State. The development of an
imaginative, forward-looking research program, providing vital development and
planning information, is essential to the formulation of sound decisions for de-
veloping and implementing effective water use programs. The Institute has pro-
vided the catalyst to initiate a considerable amount of much needed research on
problems related to water conservation and development in North Dakota.

Current water problems in North Dakota relate largely to the development and
management of agricultural uses of water. Data are needed for planning, developing,
and implementing irrigation on pn individual farm basis. A simulation model de-
veloped in Project B-007-NDAK will make it possible to select the appropriate irri-
gation system capacity and associated management scheme for a given set of land
and capital resources, as well as expected weather conditions and crops irrigated.
However, additional research is needed to measure the value of water for irriga-
tion and to plan the most efficient use of water. Another current problem is need
for accurate measurement of the total impact (economic, sociological, and insti-
tutional) of water resource development. The economic impact of irrigation de-
velopment was estimated in Project B- 002 -NDAK. This research must be expanded.
An empirical identification of pollution in lakes and streams from agricultural
sources such as fertilizers, herbicides, insecticides, and animal waste is be-
coming more urgent. Three projects, A-001-NDAK, A-009-NDAK, and A-010-NDAK, focus
attention on animal waste disposal systems.
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A problem of particular concern to the prairie pothole region is a feasible
wetlands management system. Research is needed which will provide data to serve
as the basis for developing an equitable land use management program. Also, inten-
sive study is neaded to measure the impact of the proposed restoration of Devils
Lake and Stump Lake on the water quality in the Sheyenne River. Salinity levels
need to be identified that can be tolerated by various species of fish and wild-
life proposed for enhancement in the area. Research being conducted in Projects
A-014-NDAK and A-026-NDAK is providing and will continue to provide much useful
data for future planning relative to the restoration of Devils Lake and the re-
sulting economic, social, and institutional impact to the area and State.

Many current water resource problems will not be resolved in the next five
years. Water problems of North Dakota will become even more complex in the future.
Future economic development and growth of the State will be greatly influenced by
an adequate quantity and quality of water. To provide the most relevant research
results in water resources development during the next five years, the research
program of the Institute will direct its primary emphasis to the following general
problem areas: (1) identification of igajor sources of agricultural pollution, (2)
development of effective measures to control agricultural pollution where necessary,
(3) reduction or control of algae in North Dakota lakes and ponds, and (4) control
of wetland ecology. Very little research has been directed toward the identifica-
tion of agricultural pollution in North Dakota. Continuation of research being
conducted in projects A-011-NDAK, A-014-NDAK, A-015-NDAK, A-017-NDAK, A-018-NDAK,
and 8-001-NDAK will provide much relevant data for improving management and use of
North Dakota lakes and ponds.

Increased research is needed on socioeconomic, legal, and institutional
probler:. :'esearch funded by the Institute in this area to date has only scratched
the surface. Economic impact of irrigation development on a multi-county area was
studied in projects 8-002-NDAK and B-003-NDAK. This research will have to be ex-
peaded to measure the economic impact of all water development. In addition,

research designed to measure the sociological, legal, and political impact will be

initiated. More work is needed on engineering problems in water resources and new
projects will be deveicped in such areas as channel design, methods of water treat-
ment, pipeline studies, and recreation development from diversion of Missouri River

water.

Additional information is needed on the hydrology of water resource develop-
ment. The most urgent problem in this area is pothole hydrology. Other problem

areas to which research will be initiated include (1) quantity and quality of re-

turn flows from gravity and sprinkler irrigatio: , (2) ground water movement, (3)
thermal pollution, and (4) criteria for water quality standards.

Results ob::ined from 11-002-NDAK have been used by state and federal agencies

to show the impact of irrigation der lopment in North Dakota on the total economy.

Apncies have used these data to justify appropriation requests before legislative
committees. Results of A-014-NDAK and 11-001-NDAX have been particularly useful to
civic groups and State agencies concerned with algae problems in North Dakota lakes.
In addition, research results obtained from A-014-NDAX have toeen useful in planning
for the restoration of Devils Lake and Stump Like.

The lestltute has cooperated with other organizations and agencies in planning
for the development of the water resources of the State and region. Institute
activities have been coordinated with work being undertaken by the Souris-Red-
Rainy River Basins Conliissi,in and the Missouri Basin inter-Agency Committee. The

Director represents North Dakota on work groups in these two planning bodies.
Assistance has been provided to the North Dakota State Water Commission in prepara-
tion of the State Water Development Plan. The Institute has also worked with the
North Dakota Wildlife Advisory Committee in tte formulation of possible programs

to preserve wetlands.
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The executive committee of the Institute is the Project Committee which is
composed of three members each from the University of North Dakota and North Dakota
State University. It acts on Institute policy and receives, reviews, and makes
recommendations regarding research to be conducted by the Institute. In addition,
the Institute receives counsel from an Advisory Committee, consisting of 33 members,
representing state and federal agencies involved 411 water-related activities.

OHIO

K. S. Shumate, Acting Director

Current and Anticipated Water Problems.

Current and anticipated water problems of the state and region are essen-
tially those of water quality. Concern is being expressed regarding the condition
of Lake Erie. The continued disposal of waste effluents, both municipal and
trial, intu the drainage basin has raised several questions concerning the overall
outcome. It has generated considerable studies and, in the Cleveland area, pre-
cipitated a multi-million dollar program to reduce the contaminants entering the
Lake.

In Southeastern Ohio the acid mile drainage
cant deterrent to good water quality.

In Northwest Ohio both quantity and quality
a plan now underway to provide for water recmurce
ground storage reservoirs, to support anticipated
region.

problem remains the moat signifi-

problems have been considered in
development, largely with up-
growth and development of the

In relation to these problems, it is anticipated that the major thrust of the
Ohio OM program is in the area of water quality, specifically oriented toward
Lake Erie. Further, it is anticipated that t1is emphasis will continue for the
next three to five years. Current projects in this area including A- 006 -OHIO,
A-007-0810, A-008-0H10, and S-013-0H10 are evaluating factors affecting the lake
ecology. Project A-009-011I0 is attempting to evaluate public investment criteria
for water-orieAted recreation in the Lake Erie Basin. Projects 11-017-0Ht0 and
B-023-01110 are supporting a systems analysis approach, providing for more economic
studies of the area, and correlating the socio-economic sector through factors
influencing water quality criteria. Another new project, A- 018 -OHIO, viii evaluate

effects of agricultural land runoff into the :aka. penults from this study will
also be incorporated into the overall systems analysis approach. Hopefully, re-
sults of the individual efforts and of the combined overall study will provide more
meaningful results regarding signi.ficant contaminants and nutrients entering the
lake, and their inter-effects on the lake ecology and on the contiguous socio-
economic sector.

Application of Research Results.

None of the results of completed projects are being applied directly to solve
water problems. However, the acid mine work in particular (Projects A-001-OHIO and
A- 002 -OHIO) have generated further work which is hopefully reaching a stage that
might generate practical and more optimum remedial measures.
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Other Activities and Accomplishments.

The Water Resources Center, during the past year, has actively promoted more
involvement in water resources training, and staff from the Center cooperating with
the School of Natural Resources were effective in obtaining a larger Federal Water
?ollution Control Administration grant for interdisciplinary training in water
quality control of masters level students. In addition, the Center recently parti-
cipated with the School of Natural Resources in a joint seminar to consider water
management training. Results of this seminar are now being assessed, with the idea
of evaluating the need for such a program at this institution.

The Water Resources Center has also sponsored a seminar on water quality and

treatment, during the past year, and has invited several distinguished guest
speakers to participate. This seminar is being incorporated as a part of the
program for graduate training of water resource oriented engineers.

OKLAHOMA

Marvin T. Edmison, Director

Oklahoma is a transition state in several respects. First, like many other
parts of the country it is undergoing alteration from an agriculturally oriented
society to a more industrialized, urbanized complex. Oklahoma is also a transition
state climatologically. Rainfall varies from approximately 56 inches per year in
the southeast to 16 inches per year in the far northwest. Runoff from rainfall
likewise varies from over 20 inches per acre to less than .2 inch per acre.

Grazing has largely replaced much of the row cropping of earlier years while
a most dramatic change is being brought about by irrigated crops which now comprise
over 600,000 acres, mostly in the arid western part of the State.

Oklahoma has over 250,000 farm ponds and approximately one-third of all the
USDA upstrca flood control reservoirs that have been constructed in the United
States. Additionally, Oklahoma contains 50 major reservoirs including 35 mainstream
reservoirs of over 1,000 surface acres. As a result of these implualaents, water
based recreation is a major industry in the State.

By the end of 1970, it is anticipated that the Arkansas River navigation proj-
ect will be open to barge traffic fro. the Port of Catoosa near Tulsa to the
Mississippi River. The industrial and recreational potential of the waterway is
immense and is already of considerable impact.

In both quantity and quality, Oklahoma has more than adequate water supply to
meet all anticipated requirements for the next 100 years. However, because of
unequal distribution, vide variations in quality, and highly localizes demand,
critical water problems already exist.

The Oklahoma Water Resources Research Institute, therefore, has established
a diversified prwas to seek better understanding and possille solutions to the
major water problems of irrigation, recreation, and navigation that now exist in
Oklthoaa. The Institute has three prAecte directly concerned vith aquatic ecology
and water quality of ponds or lakes; one projea concerned with suppressing of
evaporation from exposed surface water; one ptoject directly concerned with more
uniform distribution of irrigation water, particularly channel design for efficient
water application and a project studying the hydrology of ehcet flow of water over
vegetated surfaces and slopes.
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Three Institute Projects are investigating various aspects of hater quality
maintenance: (1) improved quality of output of waste treatment plants; (2) nutri-
tional pollution; and (3) an extended aeration process of waste water treatment.

A project investigating the thermodynamic properties of saline waters and
another exploring the economic effect of the Arkansas waterway on land values along
its route, complete the Institute's current allotment program. Projects involving
study of reuse of surface runoff of irrigation water and the methodology of allo-
cating resources to water research will be added during the coming year.

Two matching grent projects are concerned with the efficient use of water in
crop irrigation while a third project, now nearing completion, is an intensive
study of the Arkansas River and its sub-basins in Eastern Oklahoma.

The Institute is directly associated in research with the Oklahoma Water Re-
sources Board, the University of Oklahoma, the City and County of Tulsa, the
Department of Agriculture's Water Conservation Structures Laboratory and, indirect-
ly, through mutual cooperation of scientists, with the Federal Water Pollution
Control Administration's Kerr Laboratory, the Department of Agriculture's
Agricultural Research Service, the U.S. Corps of Engineers, the Oklahoma Coopera-
tive Fishery Unit, the Oklahoma Cooperative Wildlife Unit, the Oklahoma Department
of Wildlife Conservation, the Oklahoma Refiners Waste Control Council, and the
many other non-Institute projects at the University. Students and trainees of the

Federal Water Pollution Control Administration, the Corps of Engineers, the Okla-
homa Fish and Game Council, the Max McGraw Wildlife Foundation, the Oklahoma
Economic Development Foundation and others participate in various Water Resources
Projects.

Though not technically s part of the Institute, both the Oklahoma Cooperative
Fishery Research Unit and the Oklahoma state University Reservoir Research Center
conduct research programs in close liaison with Institute projects. The Fishery

Unit has eleven fish culture ponds and plans an enlarged facility which will in-
clude nearly 50 ponds of some 20 surface acres total.

The Oklahoma Water Resources Research Institute is a joint participant with

other states of the central United States in the Mid-Continent Association of
Water Research Institutes. A recently held evapotranspiration conference and a
forthcoming agricultural pollution conference are both under the sponsorship of

the aforementioned organisation.

During the spring of 1969, Dr. Bernard Patton, Professor of Zoology, University
of Georgia, conducted a three-day interdisciplinary seminar on ecosystems analysis
for water resource scientists on the campus. The 20 participants represented the

departments of Zoology, Chemistry, Bio-chemistry, and Agricultural Economics.

The number of students receiving advanced education in the various aspects of
water resources has undergone a significant growth in the last year. A comparison

with last year's figures indicates a growth in excess of fifty percent. Addi-
tionally, more covrs of an interdisciplinary nature are being taken by graduate
students aware that the truly encompassing nature of water and environmental prob-

lems demands more comprehensive knowledge. The growth in both ntabers of water

scientists and of their capabilities covpled with an increasing public awareness
of the complexities rf water problems gives promise that our water heritage can
and must be preserved.
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OREGON

Emery Castle, Director

Oregon must determine how it can develop its potential water supply for all
beneficial uses within the state. During certain times of the year practically
every stream is either over-appropriated or so severely depleted that the flows
are inadequate to meet minimal requirements. The problem is emphasized by con-
clusions reached in a four-year study of longe range requirements for water pub-
lished recently by the State Water Resources Board. Oregon will be a water defi-
cient state in the year 2070, the report states, because it will not have enough
water within its borders to fulfill its total requirements.

Economical water storage will continue to be a most important catalyst in
developing Oregon's timber, agriculture, and mineral wealth, as well as providing
recreational opportunities. Oregon water users, in general have developed the
least expensive etorage sites within their areas. Known sites, with relatively
small dams with water-tight abutments, are not plentiful. Some means of protecting
potential reservoir sites are needed to preclude construction within these areas
which would render the site uneconomical for development by water use interests.
Natural resource agencies, planning commissions, and water use interests must col-
laborate on area land use planning to include site zoning.

Legal matters demand attention. The major portions of the Willamette,
Umpqua, and coastal drainages have not been adjudicated. Until this is completed,
the status of major claims to water and the resulting effect on existing water rights
cannot be determined. Equally pressing is the problem of providing assurances re-
quireci by federal law. PL 86-700 requires assurances and contracts for future
municipal and industrial water supplies that would be stored in federal projects.
Pt 89-72 requires re-payment by non-federal interests of one-half of the separable
costs assigned to fish, wildlife, and recreation enhancement pertaining to federal
projects.

The state's constitution does not permit such participation by the state. In

the absence of a constitutional amendment, it will be necessary to continue to look
to local government entities, such as counties, muniOnalities, and special dis-
tricts, to meet the requirements of federal law. The 1969 legislature approved a
multi-purpose local entity which could cooperate with federal agencies in water
resource development. The law authorizes formation of water improvement districts
with power to levy an ad valorem tax (within limits), borrow money, sell bonds and
adopt regulations and cooperate with federal agencies. Research performed under
A-002-ORE helped to muster arguments in support of this important legislation.

Recreation requirements are burgeoning. In cooperation with State agencies,
the Institute is survcying Oregon's lakes (A-003-ORE) to determine future outlook.
At the same time, research is proceeding to gauge the effect of thermal pollution
on fish populations (8-012-ORE) and the enhancement of water quality by diverting
heated effluents to agricultural use (8-009-0FE).

Two public seminars were conducted by the Institute during the school year,
with the proceedings published in booklet form and distributed widely. The Fall
Quarter series was devoted to "Reservoirs: Problems and Conflicts" and the Spring
Quartet discussions covered snow and ice hydrology under the general title of
"Snow". All sessions were attended not only by students and faculty, but also
members of appropriate State and Federal agencies. Institute members attended
scheduled meetings of the Willamette Basin Task Force, the Columbia -North Pacific
Task Force, the Pacific Northwest River Basins Commission, and the Western States
Institute Directots. Dr. Castle, Director of the Institute, war naiad by the
Governor as Chairman of the State Water Resources Board.

During the next five years it is expected that research at Oregon State
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University will proceed somewhat along the following lines: physical sciences -
watershed management, irrigation and agriculture, river systems and development;
biological sciences - water quality and waste treatment, fisheries biology, aquatic
vegetation, lakes; social sciences - water law and institutions, decision making
processes, fresh water economics, geographic-regional planning and legislation.

Efforts of Institute members, in coordination with other individuals and
agencies in the state, resulted in passage by the current Legislature of a state-
wide zoning law. A comprehensive land use plan, or zoning regulation, on a county
by county basis, is to be developed. State plans will relate to intermediate and
long-range growth objectives and are to set a pattern upon which state agencies
and local governments may base their programs and local area plans. The goals in-
clude preservation of water quality, provision of recreational facilities, enhance-
ment of natural resources, and flood management. The next five years will see

close liaison between governmental representatives and the academic community in
attaining these goals.

The University will continue to offer each year appropriate short courses in
its education program regarding water resources. During the period under revieu,
the following attracted wide attendance: "Natural Resources Economics Institute"
to demonstrate the use of economics as an administrative tool in natural resources
development; "Sewage Works" a short course to train operators in modern technology;
'Water Works" a short course to train operators in latest developments; and an
'Industrial Waste Conference" for industrial plant managers to discuss waste and
water problems in industry.

PENNSYLVANIA

John C. Frey, Director

The current program objectives of The Pennsylvania State University's Water
Resources Center correspond very closely with a state-wide classification of water
resources research needs in Pennsylvania. This general classification of research
needs was developed during a workshop in May 1969 on water resources research
planning in which specialists from state agencies, industry, and Pennsylvania's
institutions of higher learning took part. Constituting the five headings of the

classification Lire: (1) Water supply and acid mine water abatement; (2) Communi-
cations and eanpover for water management programs; (3) Institutions for water
management programs (legal, economic, political, and social); (4) Optimisation of
engineering designs and operations; and (5) Process containment.

Under the first heading, one thrust of the Water Resources Center over the
next five years will be to conserve, increase, and replenish groundwater supplies
for economic development. This thrust also will extend to increasing stream
yields for low flow augmentation, community water supplies, and related purposes;
stepping up the use of new and more efficient methods of treating and disposing of
water of impaired quality, including acid mine voter; and flood control. Con-

tributing to these aims in the past year were: Projects A- 002 -PA, A-DOS-PA,
A-006-PA, A-013-PA, A-01S-PA, and A-016-PA under the allotment program of the
Water Resources Center. Accomplishments include: The development of engineering
design parameters :or the use of limestone barriers to neutralise acid streams;
defining basic elements required to analyee the hydraulic response of carbonate
aquifers under groundwater development; and development of a numerical model for
the simulation of water flow into a simple pumping well.
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Also among the major accomplishments are an analysis of characteristics
influencing water yields, flow durations, and high-flow timing in 25 small water-
sheds; preparation of a descriptive mathematical function for the time distribution
of rainfall intensities in rain storms; and compilation and analysis of an annual
series of instantaneous maximum discharges for 86 watersheds. Much of the work now
under way in watershed hydrology and flood control will continue during the forth-
coming year.

A state-wide survey of water resource problem areas and constraints has been
a single effort under the second heading, "Communications and Hanpower." Survey
results will be made generally avallab' ! to the public. Plans for the development
of additional projects in this at already are initiated.

Under the third heading, the chief objectives of Water Resources have been to
improve the legal and institutional arrangements by which water resource u 1 is

controlled, and to increase the efficiency of public investments in water resource
development projects. contributing projects under the allotment program were
A-009-PA, A-014-PA, and A-017-PA. Progress in this area includes: development
of an input-output model of economic activity and water usage in a micro-region;
current designing of an econometric model to measure impacts of sewage systems and
to assign priorities to sewage facilities grants; and the start of a sociological
study of the impact of a flood control reservoir on a community. Also contributing
is a matching grant project still in progress (B-012-PA) which seeks to derive
estimates of the regional costs of pollution in terms of recreational development
foregone. This project has developed a unique methodology for analyzing the
anticipated disbenefits of pollution.

Under the fourth heading, the cardinal aim of Water Resources has been the
efficient disposal of municipal storm water, sewage effluent, and acid mine water.
Here, three lines of investigations are actively being pursued with multiple
sources of funding. One of these lines is project 8-010-PA with the Office of
Water Resources Research. This effort has resvated in an evaluation of urban
hydrology design methods for storm water planning.

The fifth major area of endeavor encompasses Water Resources' aim to remove
and control undesirable biological growth in lakes ani streams, and the prevention
of groundwater contamination by municipal and industr.al wastes. Allotment proj-
ects A-003-PA, A-018-PA, A-019-PA, and matching grant projects 8-001-PA, 8-016-PA,
and 11-020-PA fall crier this classification. Presently completed is an analysis
which demonstrates the relationship between plant growth in streams and nutrient
level, sunlight intelsity, and stream hydraulic characteristics. Estimates of the
impact that a respiring plant population can have on the oxygen economy of a water
resource also have been mode. Research has been initiated to identify detergent
residues in polluted water by application of laser ionisation mass spectrometry.
And with this, an examination has been started of the microbial composition of
activated sludges before and during chemical treatment of waste waters for phos-
phorus removal.

Early work in the area of waste water renovation demonstrated that sewage
can be disposed of at a reasonable cost by applying it to crop and forest lands on
a year-4ound basis. A major project row underway by Water Resources is a test of
the filter concept of irrigating waste water on land to renovate the water nd
increase the amount of groundwater Going into groundwater reservoirs. This con-
tinuing project will reach fruition with the coopletion of a system for the daily
disposal on the land of four million gallons of sewage effluent from the State
College, Pa., community. More than $2 million already has been awarded to the
University for construction of the waste water system.

Finally, completed project A-002-PA, "Crushed Limestone butlers for Neutralt-
tation of Acid Streams," already shows promise of contributing to Pennsylvania's
water pollution abatement program. Through this research project, scientists at

170



Water Resources have revealed that crushed limestone tIrriers can be used in
streams contaminated with acid mine drainage to reduce the acidity in the water.
Their studies indicate that a barrier installation can have any reasonable number
of units and be of such stone size as to be compatible with the site topography.
Based on research results deeloped in this investigation, The Pennsylvania
Department of Mines and Mineral Industries presently is designing a prototype
installation on Trough Creek, Huntington County, Pa., to observe field potentials.
The facility is expected to be constructed and placed into o,teration by the middle
of 1970.

To facilitate the continued growth of the Water Resources Center, Dr.
Archibald J. McDonnell, Associate Professor of Civil Engineering, has been named
Assistant Director for the Institute for Research on Land and Water Resources.
Dr. McDonnell will be in charge of the Water Resources Center, succeeding
Dr. E. Bruce Jones who hat, accepted a position with E.G.W., Inc., Boulder,
Colorado. The appointment is effective July 1, 1969. Other appointments and
personnel changes will be made and the Advisory Coundil of the Institute will be
reconstituted, also effective July 1, to provide up-to-date representation from
each of the University's major colleges.

PUERTO RICO

Ernesto P. Colon, Director

The urgent need for an interdisciplinary research program here in Puerto Rico
was the original motive for the establiaturent of the WRRI.

All available evidence clearly indicates a continued and increasing need for

such research. Latest information from government sources indicates that our
industrial growth has accelerated significantly during the peat five months. ,There
is no reason to believe that this acceleration will end. On the contrary, the
general expectation of a more vigorous economic growth in the years to come reeas

well supported. This situation demands an even increasing effort in the identifi-
cation of water problems lying ahead of us. Good tluality water in the right

amounts requires good management and control. But tlere can be no proper manage-
ment, control, and design without the necessary scientific data to provide the
facts on which to base the necessary engineering and economic decisions. The

URRI exists to provide these facts.

Water problems are encountered in the identification of sources and the fate
of pollutants in rivers and bays; water demand, conservation in domestic use;
hydrology of watersheds; water-based recreation; ground water management; and most

important, the impact of man, socially and economically, on water resources.

In an attempt to alleviate pollution problems on the island the Institute has
sponsored a series of projects in this area. Some of these area "the Determina-

tion of Safe Levels of Pollution in Some Bays of Puerto Rico," "Self Purification
Rates of Polluted Streams in Puerto Rico," and "Determination of the Rate of Bio-
degradation in Some Polluted Tropical Waters and in Some types of Liquid Wastes
Common in Puerto Rico." These studies will be a useful contribution toward main-

taining water quality in the island.

In th'i area of water demand, tangible results have already been realized in
the project "Quantitative Analysis of Water Use Patterns in Puerto Rico." the

results of the industrial phase have produced reliable estimates on the amount of
water requited by factories to produce a unit of certain selected products (water
ratios) which will be of value in improving industrial location and site planning
in Putrid Rico.
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More results in this area are envisioned with the completion of the project
"The Determination of the Significance of the Variables affecting Residential
Water Consumption", which will attempt to provide an accurate prediction of water
consumption in residential areas using the theory of 'fractional factorial

designs'.

The hydrology of the numerous watersheds in Puerto Rico is practically un-

known. However, the Institute has sponsored a project "Hydrologic Study of the

Yaguez River Watershed." The Yaguez River, a short distance from the Institute's
headquarters, is a constant menace to the residents of Mayaguez who have ex-
perienced large economic losses due to constant flooding of this river. The

results of the study will provide information to the Public Works Department,
which has exhibited keen interest in the project by contributing financially.

Water-based recreation constitutes an integral part of the tourist industry

which is a primary income generator for the island. In this area, no research has
been done and for this reason, the project "Demand for Water-Based Recreation in
Southwest Puerto Rico" was developed with the hope of providing a critical evalua-
tion of factors affecting the development of water-based recreation.

Other projects such as: "The Impact of Water Resources on the Economic and
Industrial Development of South Puerto Rico," will examine how man's activities
have affected the management and development of water resources on the island.

As in former years, the Institute participates actively both in public and
academic affairs, such as sponsoring a symposium in cooperation with the Office of
Water for Peace, entitled "Land and Water Resources Planning Education in Latin
America" in which practically all countries in the Caribbean and Latin America

were represented.

During the last fiscal year, a direct allocation ($15,000.00) from Common-
wealth funds through the University was provided for the first time. As originally

recommended by Dr. Antonio Santiago Vazquez, former Director of the Institute now
Secretary of Public Works of the Commonwealth of Puerto Rico, an advisory Committee

to the Director was appointed. It is composed of twelve interdisciplinary faculty

members. The former Director of the Puerto Rico Aqueduct and Sewer Authority is
also a member of this Committee.

The problems encountered in administering the program may be divided into two

broad areas: First, as it is not a separate administrative research unit the
Institute must depend on the systems and procedures long established at the Univer-
sity of Puerto Rico. These arranpements do not respond to the unique needs of

investigators but rather traditional academic routine. However, good progress is

being made in changing old concepts and procedures. The Administration of UPR has

been most cooperative in the process of establishing more efficient cost and pro-
curetient methods to suit our needs.

Second, the distance from al: mainland, the higher costs for everything here
in Puerto Rico and the inadequacy of funds, both Federal and Commonwealth, consti-
tute a permanent problem.

RHODE ISLAND

A. Ralph Thompson

Rhode Island's Current and Anticipated Problems

the Rhode Island Water Resources Center has taken an active interest in water
problems of concern to the State as veil as the New England region. The location
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and climate of Rhode Island have supplied it with an excellent supply of fresh
water so that, if it is handled properly, the State should not requite additional
water sources for some years. In order to preserve the supply, however, it is
well that consideration is being given to the problems of conservation, storage,
pollution, re-use and alternate sources, such as desalination, far in aevence of
a possible crisis.

As in many other sections of the country, one of the main problems in Rhode Island
occurs as a result of the conflict in the alternative uses of water. In the pro-
posed development of the Big and Wood River reservoirs thought t been given to
all possible uses of the water. Industrial pollution of sty Ist, of course,
be given constant attention and research at the Center has o solve prob-
lems in this area. A specific State problem which has bk., t2,i by the Center

in cooperation with the State Water Resources Board and tilt U.S. Geological Survey
is the presence of high concentrations of iron and manganese in groundwater
supplies. OWRR project A-003-RI and A-017-RI have made valuable contributions
to this problem.

Hain Objectives of the Center

Since the Center began, it has had as its goals:

(1) Determination of the condition of water in the State and preparation
for future needs and alternate sources.

(2) Alleviation of water pollution through research to determine the
sources and nature of industrial and domestic pollutants.

(3) Economic and social analysis of water supply and use to determine
means of increasing economic efficiency.

(4) Assistance in solving the problem of conflict in water use,
Including recreation.

(5) Development of improved information retrieval sratems.

Host projects supported to date have contributed to these goals. Current
research projects dealing with present water conditions are A-017-RI (iron and
manganese in water), A-018-RI (yellow organic matter in fresh water) and A-019-Rt
(trace elements 4n water). two projects (A-016-RI and A-023-RI) consider soil
properties of value in future reservoir construction, while one project (s-vii) -idi
is involved with an important phase in the desalination of sea water. A number of
projects have na:urally dealt with various pollution problems: structure vs.
activity (4-0211), viral flora (A-025-RI), flocculation of colloids (A-024-R1),
bioassay wit cultured mammalian cells (A-027-Rt), characteristics of fresh-
water phytoplankton (6-006-RI), and biochemical oxidation of hydrocarbons in water
(6-020-RI).

Although, in t'.t past, much of the research of the Center has been concerned
with analytical problems of a chemical or biological nature, it appears that within
the next five years the trend will shift somewhat in the direction of planning,
social, economic and legal problems as indicated fur next year in projects
A-032-Rt and 11-022-Rt.

Useful Results From Research Completed this tear

Interesting results were obtained from several projects completed during the
year. The work on project A-011 -RI showed that sodium hypochlorlte can be effec-
tively employed for oxidation of iron and manganese in water and for their sub-
sequent removal by cartridge filtration.
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Research on project A-025-RI confirms the suggestion that water may be a
route for transmission of avian viruses, from birds (including chickens) possibly
to humans. The need for improved methods of monitoring inland water for viral
pollution was strongly emphasized and this project will undoubtedly make a major
contribution to this end.

Some startling results were found concerning the toxicity of some water
pollutants using bioassay with cultured mammalian cells in project A-027-RI.
Experimental results suggest that it may be dangerous to overemphasize the
banning of some pollutants such as DDT when little is known about alternate pesti-
cides which may be more toxic.

During the year the Center supported five projects, using non-Federal funds
entirely, on a one-year basis to enable the investigators to get new research
initiated(

Regional Cooperation

The Rhode Island Center worked very closely with the State Writer Resources
Board and with the New England River Basins Commission and the Director has
appeared before both groups to supply information when requested.

The Director of the Rhode Island Center has served as Chairman of the New
England Council of Water Center Directors since January 1969, and was elected
Secretary of the Northeast Association of Water Resources Research Institute
Directors at its meeting on April 14, 1969.

The New England Council spent much time preparing for a conference on
"Ecological Considerations in Water Resources Planning and Management" and doing
the preliminary work on a regional research project to be submitted under Title II
next year.

SOUTH CAROLINA

A. W. Snell

The major current and anticipated water problems for the State of South
Carolina include (1) water quantity distribution, (2) water quality preservation,
(3) water resources planning, (4) institutional arrangements or water policies,
and (5) orderly development of coastal estuaries. Due to the expected increase in
industrial development, accelerated urban growth, transition to a more integrated
agriculture producing and processing higher valued commodities, increased demand
for improved water-based recreation, and encroachment upon the coastal estuaries,
each of the water problems stated above is expected to continue to expand.

The Water Resources Research Institute program is planned so as Lc, maintain
a balance of project activity seeking answers for the highest priority water

problems. Interdisciplinary research is encouraged on the more complex water

problems. Close coordination is maintained with State and Federal agencies and
the South Carolina Water Resources Advisory committee in the identification of

priority problems.

Many individual projects of the Institute will be directly applicable to

existing water resources problems. The study of legal problems will assist policy-
makers and legislators in defining the most needed statutes and institutional
arrangements for water mmuteesent in South Carolina (B-003-SC). Research on current

land use in estuarine areas will be used as an input by the State Task Force on
tidelands to develop a compreh.lsive management plan (11-012.-SC). Results from
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Institute supported projects will provide increased technical knowledge for design
and planning. Removal of impurities can be substantially improved by an addition
to the trickling filter effluent (A-012-SC). The computer modeling of limnological
parameters for use in predicting water quality should provide additional information
needed in water quality control (A-016-SC). Computer mclels under development will
provide flexible and efficient techniques for predicting characteristics of exist-
ing or proposed water distribution systems (8-006-SC). A detailed study of the
interflow process and its controlling parameters could lead to soil profile modifica-
tion resulting in faster seepage to the water table and better stream-flow stabil-
ization by reducing contributions during high flows and increasing based flow
(8-008-SC).

Completed research provides information applicable to many water resources
problems. The popular belief is that those who lower the level of water quality
should pay for such action and that the funds should be given to those adversely
affected by reduced quality. One study, however, (8-004-SC) concluded that economic
efficiency is hest served by using the funds collected wherever their productivity
is highest. Another study under the same project concluded that many of the ways
now used for measuring the benefits to those who use water for recreational purposes
result in an over-statement of the economic value. The marginal value rather than
the average value of recreation will be necessary if water quality is to be allocated
so that water is put to its most valuable use (8- 004 -SC). Although no induced
polarization effects were noted in a study of the geophysical methods of electrical
resistivity and electrical induced polarization, it in possible to distinguish the
various lithographic units such as soil horizon, bedrock, water saturated over-
burden, and unsaturated overburden horizons with electrical resistivity measurements
(A- 011 -SC). The amount of DDT accumulated by fish has been determined in relation
to the level of contamination in the water. This information is being used to
determine restrictions that should be placed on the use of DDT that would contaminate
water (A-013-SC). Capabilities gained from operation and testing of the Stanford
Watershed model will enable the simulation of probable events on ungaged streams or
those with short-term records. The effects of historical nr anticipated watershed
changes on hydrologic performance of the watershed can te investigated using the
model as a tool (A-010-SC). Experimental data to check a mathematical mode] of
transpiration from the root tone to the atmosphere showed transpiration to cycle
with a quite regular period and amplitude indicating the doubtful value of using a
steady-state model to describe the phenomenon (8-001-SC). Economic data on water
use, waste treatment, caster pollution and related data in South Carolina manufactur-
ing plants were distributed for use by action agencies (A-002-SC).

The Institute coordiqates its programs very closely with State and Federal
agencies. The Institute is represented on the South Carolina Water Resources
Commission, the South Carolina Pollution Control Authority, and exerts leadership
on the Governor's Advisory Committee on Water Resources. Members of the Institute
faculty serve on Task Forces for State studies, participate in schools for treatment
plant operators and others and serve as consultants in other state-wide capacities.
The Councils of the Institute sponsor seminars, discussions, and field trips for
students and staff on important water resources activities.

Meetings have been held with Institute Directors of neighboring States anJ.with
action agency representatives in developing projects applicable to the State or
Region.

The State of South. Carolina has and is continuing to make a significant
contribution to water resources research. the obt significant item during
the past year was the appropriation through the Water Resources Commission of State
funds to support the Institute. In addition, the Water Resources Commission has
been instrumental in bringing together representatives of diverse groups to discuss
water resources problems providing a stimulus to water resources research.



SOUTH DAKOTA

John L. Wiersma

Water problems of the State revolve around efficient use of the limited annual
precipitation received. Development of an irrigated agriculture is underway.
Groundwater sources as well as surface stored water resulting from Missouri River
Basin development is bringing forth problems allied with irrigation development.
Pollution from agricultural sources, a problem closely allied with eutrophication
of prairie lakes, is of extreme interest, resulting in amplification of research.
Planning of efficient water use, determination of social implications and inherent
political complications of resource development must be solved in order to promote
economic stability to the area.

The program of the Institute is focused primarily on immediate research needs.
Research on current developed privEte irrigation is leading the way for determination
of proper practices on the anticipated Missouri River water irrigated land. Project
A-001 is determining the effect of marginal quality irrigation water on accumulation
of salts and alkali in irrigated soils. Project 8-004 involves salinity above a
water table as affected by rainfall and irrigation. These projects will be instru-
mental in determining drainage requirements, a key to successful irrigation of many
South Dakota soils. Project A-017 is evaluating operation of current irrigation
systems, information that can be extrapolated to future developments whereas
Project B-009 is making an economic analysis of irrigation systems. Pollution
research from agricultural sources is emphasized because quantity control regulations
are being formulated for all surface waters. The Institute is meeting the need with
several projects. A-025 is studying quality and quantity of runoff from livestock
feeding operations and relating this to hydrological and geological considerations.
Bacteriological water quality analyses of methods for detecting fecal pollution,
Project A-019, is addressed to the problem of developing methods for distinguishing
between human and animal cources of pollution. Irrigation waste water and rainfall
runoff, carriers of wastes, will receive intensive attention. Degradation of prairie
lakes, an inseparable problem from pollution, is receiving major attention. Project
8-002 has two phases, dynamics of limnological factors and levels and effects of
insecticides. Project B-013 determines the effect of dredging on nutrient levels
and biological populations of a lake. Efficient use of rainfall is receiving
attention through Project A-018 which is devising a method based on soil-plant-
meteoroloecal relationships for more efficient utilization of water and solar
energy in crop production. Projects B-008 and B-005, are involved in resource
planning to determine the impact of imposing a water quality standard on a live
stream. It is the intent of the Advisory Committee to promote added activity in
this and social economic areas.

Completed and ongoing research is beginning to solve current problems. A-010
has shown that water losses to sinkholes are essentially in balance with gains
to the resurgent springs. This information has made it possible to advise planners
that plugging sinkholes may have serious effects on yields from major springs, but
will probably not affect recharge of the limestone artesian system beyond the out-
crop area. Project A-015 has shown that much more stringent controls in the use
of chlorinated hydrocarbon insecticides must be practiced if man is to maintain a
quality environment. Results from Project B-002 indicate a concentration of
dissolved solids can be expected to occur in many shallow northern prairie lakes
under ice cover and thus cause substantial chemical changes during winter months.
Project A-017 concludes that the energy-budget approach of estimating consumptive
use is a reliable method of soil moisture estimation. Improved methods for
enumeration of Streptococcus bovis from ruminant water pollution have been developed
by Project A-019. In order to meet water quality standards, planners will need
to consider low flow augmentation to offset projected reduction in downstream
river flows when extensive groundwater development reduces late year yields, accord-
ing to results tound in Project B-005. Project A-025, studying pollution potential
of runoff from livestock feeding operations, is providing guidance for preparing
regulations L/ control pollution from feedlots.
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The Institute is becoming recognized au a place to secure information on
water resources. Some staff members and the Director, are serving on several
State and National committees including one on rural wastes In addition, they are
serving on Committees in State and National Recla ation Associations and professional
societies. A committee devaloping a State irrigation guide includes the Director.
State standards for "Irrigation Wells" and for "Irrigation Pumping Units" are being
developed with aid of the Institure. Various project reports have been useful to
special groups such as livestock feeders and growers, lake associations, League of
Women Voters, State Legislatures, and Conservancy Districts.

The Mid-Continent Water Research Directors have made it possible for principal
investigators in the areas of evapotranspiration and pollution to have region-wide
discussion sessions on their problems. This group will be sponsoring a symposium
of "Agriculture and Water Quality."

Although the Institute has encountered problems such as obtaining qualified
graduate students and an apparent lack of interest in the important socio-economic
area, it is felt that progress is being made. The increased support by the State
indicates a mutual feeling.

TENNESSEE

Floyd C. Lareon, Director

Water Problems

Water problems in Tennessee are concerned primarily with the quality and
quantity of ground and surface water. Additional geologic studies of ground water
behavior are needed along the Highland Rim and in other areas of ground water
deficiency. With respect to impounded waters, there is a need for more basic and
applied knowledge of density currents as related to temperature for thermal pollu-
tion, stream flow, mathematical models, dissolved oxygen and other water quality
parameters. More information is needed on flow augmentation froi., storage reservoirs
as a means of upgrading poor water quality of downstream water bodies. There is
concern over continued growth and movement into the TVA reservoirs of Eurasian
watermilfoil which interferes with water-based recreation and other water uses.
An Asiatic clam has also invaded these reservoirs. It creates a problem to sand
and gravel operators as well as to operators of pumping stations where reservoir
water is being used.

Flooding of both large and small streams occurs in Tennessee. In the con-
trolled surface water systems, flood damage is minimized by flood routing through
the reservoirs. In unregulated systems, however, flood plain zoning plans or other
protective devices or systems should be developed and implemented.

Problems may also arise for water front landowners who have property on
tributary reservoirs when primary emphasis is placed on flood control and power
production. Extreme changes in water levels which occur in the tributary reser-
voirs ate not in the best interest of shoreline development and impedes economic
progress. An economic study involving all facets of this problem should be under-
taken. Economic analyses of the need for water front industrial sites need to be
developed.

Additional research attention is warranted on paper mill effluents, salt
coming from a neighboring State, and problems of wastes from cannery, meat, milk
and laundry plants. An investigation of the renovation of waste water for reuse
would be useful to water users in the State.

Recent reports of legislative committees dealing with water law bills show the
need for a thorough economic, technical and legal study (in depth) of the present
water laws.
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Current Research

Broadly speaking, ongoing projects in FY 1970 in water quality work are listed
as follows: A-013-TENN, A-014-TENN, A-019-TEN-a, B-007-TENN and B-010-TENN. Water
quality parameters in physical, chemical and hiolcgical terms are collected from
Fort Loudoun Reservoir in projects A-013-TENN and A-014-TENN and will show the
effects of additional industrial and municipal treatment given in the waste water
control system for the City of Knoxville. Projact A-019-TENN will continue on the
geochemistry of ground water in Skillman Basin, Central Tennessee. This work will
add knowledge of the relationship of the quality of precipitation to that found in
ground water. Project B-007-TENN relates to water quality studies in that the
theoretical and experimental laboratory work gives a further insight to the physi-
cal mixing process of fluids. It will be most useful in predicting what effects
the introduction of contaminants will have on downstream water quality. Project
B-010-TENN will improve techniques for laboratory experiments, design new tests
for hydraulic transients, and extend hydraulic transient tests to uniform steady
flow conditions. Again, additional knowledge of the hydraulics in a reservoir
system has a direct bearing; on water quality parameters. Do the contaminants move
downstream or upstream under certain operating conditions? The results of .his
project will be most informative.

Project A-012-TENN deals with fundamental research on isotope effect on the
thermodynamics of water. Project A-015-TENN, is concerned with the quantity of
surface water in relation to the growth of manufacturing employment in a county,
In the future, the research will include the influence of water quality on the
location of industry and the role of ground water as a source of industrial water.
Project A-018-TENN will study virus removal by several conventional water and
waste water treatment processes. In project A-017-TENN existing drought data will
be compiled, computerized and analyzed and the information made available for
evaluating soil- crop - moisture- fertility situations.

Implementation of Research Results

Results ohtained from project A-003-TENN on small reservoir sealing have been
used to successfully treat at least six ponds in the State. The Principal Investi-
gator for this project has also made many on-site visits to small ponds and made
recommendations for sealing them.

Many inquiries have been received from TVA, the Tennessee Stream Pollution
Control Board and others regarding copies of WRRC Technical Bulletin ill. This
bulletin contains three years of raw data secured from project A-006 TEWN on
effects of controlled releases on the physical, chemical and bacteriological
characteristics of Fort Loudoun Reservoir.

Other Activies and Accomplishments

The Tennessee Center Director is an active member of the Clean Environment
Council of the Greater Knoxville Chamber of Commerce and represents tT:le Council on
water resources matters. The Director and principal investigators of P.L. 88-379
projects, through various public and academic involvements, participation n con-
ferences and other activities, strive to promote public education and advance
water conservation and management. Increased effort will be made to enlarge
matching grant program participation in the State.
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TEXAS

J. R. Runklea, Acting Director

During the pant year, the Texas Water Plan was released by the Texas Water
Development Board. The texas Water nen is a comprehensive statewide plan for the
conservation, protection, development, redistribution and administration of the
State's water resources to meet the needs for all purposes to the year 2020. The
solution of many of the State's water problems is outlined in the Texas Water Plan.
The magnitude and complexity of this plan exceeds that of any water plan in exist-
ence in the world today or even in the planning stage.

Today, Texas has many water problems involving both quantity and quality of
this resource. Groundwater aquifers presently supply about 75% of the water used
in Texas. More groundwater is being removed in some areas of the State than is
being replaced by natural recharge. By far the bulk of the surface water resource
occurs in East Texas while projected needs are great in West Texas and Southwest
Texas. Interbasin transfer within the State will be necessary to meet some of the
State's anticipated needs. Projected needs for water reveal that the present fresh
water supplies from both surface and aquifer sources within the State's borders are
not adequate, thus importation will be necessary.

The streams, groundwaters and zoastal waters are being used to dispose of
waste effluents. Pollution problems are severe in many streams and especially in
the 'aye and estuaries. The extent of groundwater pollution is not adequately
known, but it is believed to be serious in many places. Pollution of the water
resource from both man's activities and natural scIrces needs to be abated as
rapidly as possible and further pollution prevented. Water quality management is
an integral part of water planning for maximum beneficial use of water, maximum
reuse of waste water, and to preserve the bays and estuaries.

Water problems associated with implementation of the Texas Water Plan are of
considerable magnitude. The problem of physical transfer, storage and conserva-
tion of the large quantity of water involved presents a great challenge to our
science and technology. The chemical, biological and ecological problems related
to the water development plan will need the attention of many scientific disci-
plines to adequately protect and use this resource. The social, cultural, eco-
nomic, and institutional problems associated with the proposed water development
will require considerable imagination for this solution.

Since the beginning, the Water Resources Institute has directed its activity
to many of the critical water problems of the State. Research on the agricultural
resources of the State in relation to water development (A-001-TEX) was used in
developing the Texas Water Plan. Economic impact of different levels of irri-
gation on the State's economy (B-005-TEX) was also used in developing the water
plan. The economic impact of water impoundment on the surrounding community has
been more clearly defined by research of the Institute (B-001-TEX and 8-019-TEX).
Several analytical models have been developed for investigating selected water
resource planning problems. A regional input-output model has been developed and
is useful in demonstrating the impact of water resources on a regional economy
(A-004-TEX). The pollutiou of the Houston ship channel was described by an
analytical model (A-004-TEX) and is now under intensive analysis as part of the
Galveston Bay Study. Specialized optimization techniques have been applied to
water quality and water quantity management problems in relation to planning
(8024-TEX).

The irrigated areas of West Texas which is expected to be deficient of water
in the future without importation to the region has received considerable research
activity of the Institute. The loss of water by evaporation from the soil surface
(A-006-TEX) is being investigated as well as possible economic methods of sup-
pression (B- 002 -TEX). Recharge of playa lake water into the Ogallala ground-
water formation is one consideration for the West Tex-,s area. Recharge systems
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(8-016-TEX) are being studied in combination with playa lake sediment composi-
tion (B-004-TEX) and certain aspects of water quality (B-007-TE1). Treated
sewage (B- 021 -TUX) as a source for recharge is being examined as to its influence
on grcundwater quality.

During the next five years, the thrust of the research program of the
Institute will he to water problems revealed during the development of the water
plan and 'Nose anticipated in order to effectively implement the Texas Water Plan.
Considerable orphasis of the research program will be on economic theory related
to cost - benefit assessment of the different aspects of the Texas Water Plan. Oper-
ational research on water quality and water quantity problems will receive con-
siderable attention. Water conservation systems of both land and water surfaces
will be investigated. Water quality problems associated with pollution abatement
and with restoring polluted areas to a productive capacity will receive consider-
able activity.

The Institute has become involved in public affairs concerning water resources
in its role as a unit in a public university. The Director periodically speaks to
groups concerning the importance of water resource problems. The Institute has in
the past year received a sizable increase in correspondence with questions concern-
ing water resources. All inquiries received a response.

UTAH

Jay M. Bagley, Acting Director

Current and Anticipated Water Problems

Within an arid regional setting, Utah faces a most significant continuing
problem in developing and utilizing its water from interstate streams. Although
compacts specify entitlements and permit individual states to move forward in
their development, there is still a great deal of accommodation required to
resolve the iaterstate perturbations resulting from the development and use of
water from a common supply. The interstate problems of allocating and developing
interstate waters will be formidable also.

Utah %Ill continue her urban build-up along the narrow band commonly
referred to as the Wasatch Front thereby intensifying water quality management
problems. Even with secondary treatment of sewage, the effluents of many city
treatment plants co-mingle in the Jordan River with the result that quality
standards set for that stream are already exceeded. The Great Salt Lake is the
ultimate sink for water wasting from this concentration of municipalities and
industries along with the agricultural enterprises served by the Bear, Weber,
and Jordan Rivers. Large quantities of water find their way into the lake and
are evaporated. One of the greatest water challenges of the century will be to
(1) recl-ce these discharges to the Great Salt Lake and transfer them to water
deficient areas elsewhere to serve as economic stimuli; (2) at the same time
preserve the unique natural aesthetic and recreational attributes of the lake,
and (3) encourage the e:traction of the vast mineral wealth contained in the
brines of the lake.

Principal Research Thrusts Over Next Five Years

In large measure the research thrust of the Utah Center le dictated by the
priorities and guidelines being follt.4ed by OWRR in the selection of proposals
for funding. However, all of the current projects of the Utah Center have
direct or indirect application to Utah problems. In the next five years the
Utah Center expects to engage in a broad but coherent spectrum of research
activity aimed at providing solutions to some of the problems suggested under
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the general discussion in the previous section. For example, project B-027
should provide guidance and insight into how the state might allocate its
entitlement to the Colorado River. Project B-028 will provide a basic model
of the Bear River system which can be employed to test alternative schemes for
development. Projects B-004, B-009, B-013, and B-025 are directed towards
improving methods of describing physical alternatives. Projects A-006, A-007,
A-038, and B-010 will provide important keys to specific segments of the water
quality manigement problem.

Use of Research Results

Some of the telemetry developments under Project A-002 are being effectively
employed in other research (weather modification, air pollution, water quality,
etc.). Tney are also being used in operational programs of the U. S. Department
of Agriculture. The Hydrologic Atlas of Utah developed under B-001 has been
enthusiastically received by a variety of state, federal, and private agencies.
The Utah Tax Commission is making rather unusual use of the Atlas materials in
its appraisal and evaluation procedures.

The Water Resources Division is making more routine use of the analog com-
puter models developed under B-005, B-016, B-017, and B-028 in testing specific
alternatives. Also being utilized are results of B-004, B-009, B-015, and A-001
as guidelines to the economic and social value or water.

It is anticipated that results obtained from projects A-003, A-006, and
A-008 will assist in tho more efficient design and operation of sewage lagoons.

Other Activities and Accomplishments

The significant involvement of Center associates in public affairs continues
high. A no'able example is the assignment of D. F. Peterson daring the peat year
as director of the Water for Peace Frogram in the State Department. Many others
are se ving in various federal, state, local, and professional and scientific
organi .cions as officers and committee members. Center associates continue to

be the prime movera and key participants in new academic offerings, institutes,
seminars, and workshops having to do with water. As in the past, several asso-
ciates have been abroad participating in training, research, or consulting
activities. Sivificant contracts for research and training ha,e been nego-

tiated this year with AID.

One of the difficulties encountered in administering the Water Resources
Research program has been late notices of proposal acceptances or rejection.
However, a new schedule recently provided for FY 1970 .should lessen the problem.

The fact that PL 379 does not permit payment of fringe benefits from federal
funds is a constant consternation to the University Business Office. This

unwarranted provision n.:eds to be changed.

The Utah Center is administered by a council of seven men from various
disciplines with one of them acting as chairman. In addition, an advisory com-
mittee was recently selected which will facilitate clo:1r correlation between
the Center and agencies, schools, industries, and other water- related interests

throughout the state.
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VERMONi

Thomas W. Dowe, Director

Vermont's Center recognizes problems in quality, quantity, and management

of the State's water resources.

As with many tber states, sections of Vermont have been subject to periodic

shortages of water in the plat few years. With increasing demand, these short-

ages will ba,come frequent unless the state grows more efficient in resource

development and utilization. However, efficiency is difficult in the absence of

a detailed understanding of the availabla resources and the processes controlling

watershed yield.

Growth has also impelled Vermonters to recognize the possibility of pollu-

tion of its waters. Lake Champlain, one of the largest and deepest lakes in the
United States, is particularly subject to the danger of pollution. Dangers
include petroleum contamination, industrial waste, and a possibility of excessive

eutrophication. In this area again, lack of knowledge is s great problem.
Scientists and government planners must know the physical, chemical and biologi-
cal properties of a body of water before they can assess the possibilities of
pollution and plan against them.

The quality and quantity of water resources in a state also depend in great
pert upon the use and management of the lands and forests in the various water

sheds. Yet little is known of the specific effects of various management prac
tices and uses.

To solve the problem of water quality, quantity, and management which the
Center has recognized, prog AS have been planned in ',eke Studies, Watershed
Studies, and Surface and Ground Water Supplies. Related to the Lake Studies,

and considered here with them, although they are separate projects, are studies
or the chemical characteristics of precipitation in the Champlain Valley, the

Lake Champlain phytoplankton, and the bottom sediments of the lake.

Lake Studies

Limnology studies are designed to analyze the physical, biological, and
chemical aspects of Lake Champlain and other lakes in the state. Before their
inception, virtually nothing was known of Lake Champlain's characteristics.

The specific purposes of phase one of the study (A-001) were to ascertain
the nature of several water masses in the state, identify the biota, and evaluate
the hydrologic dynamics of the lake and its watershed. Several distinct water
masses have been identified, and the researchers are developing an understanding
of their meaning. They've also analyzed the general quality of the lake and

pinpointed possible problem areas. The major species of zcoplankton have been

identified and seasonal distribution of certain groups studied. Researchers
have also identified the bottom fauna from most shallow bays and are now starting

studies for deep water fauna. In addition, they have made estimates of the water

budget of the lake.

With the State Department of Water Resources, researchers are making an
intensive study of a part of the lake adjacent to the proposed site for a nuclear

power plant. Another cooperative project is a study of Lake Memphremagog, an
international body of water.

An advanced class in limnology has conducted a survey of a potential water
reservoir for the city of Winooski under their Model Cities Program.
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The second phase of tne study will include an analysis of the nutrient input
of the lake and other specific projects to aid in understanding ecolcgy of the
lake for proper management.

Related projects

Phytoplankton (A-009)

The normal pattern of recurring successional changes of algae has now been
established. Algae which are known indicators of water conditions arc currently
being studied in more detail.

Bottom Sediments (A-003)

Analysis of bottom sediments helps in evaluating the present quality of
Lake Champlain. Wastes are deposited there, and the sediments also reflect the
nature of benthonic organisms. In first stages of the program, the investi-
gators concentrated on surface sediments; later they will study the depth
sediments.

Glacial Biology of the Lake Champlain Valley (A-036)

Studying approximately three - fourths of the Champlain Valley has provided
extensive information on the amount and location of ground water suppli!,s, sand
and gravel resources, and areas where erosion could be a problem. The informa-
tion has also been need in evaluating the success of an erosion control program
instituted by the SCS and Corps of Engineers on the Winooski River In the 1930's.

Precipitation (A-007)

This project was designed to indicate the significance of precipitation as
a cleansing and enriching agent in the Champlain Valley.

Watersheds

To eliminate present duplication and lack of coordination 3n watershed
administration, investigators are comparing varioi means of adrinfetration.
Other researchers are attempting to determine the economic impact of certain
recreation facilities in eelected river valleys.

Engineers are studying the parameterization of observed hydrographs as a
means of understanding runoff phenomena from email watersheds (A-008).

Surface and Groundwater

Aims under this program were to investigate the physical processes of the
hydrologic cycle, analyze the existing data pertinent to the quantity and quality
of Vermont water resources, survey and assess the largely unexplored ground water
resource of the state, and improve the means of small supply purification.
Progress on some of these aims has already been reported under previous headings
e.g. Glacial Biology.

Academic Cooperation and Student Involvement

Funds from PL 88-379 have enabled the Vermont Center to bring together
scientists from the colleges of agriculture and home economics, arts and sciences,
technology, and medicine, and to provide research opportunitioc ft& graduate
students.

183



VIRGINIA

William R. Walker, Director

Althouf,h Virginia has an average of 43 inches of rain per year, water prob-
lems of both quantity and quality are very prevalent. Research aimed at pro-
viding information related to both -port and long range objectives cre a necessity
if effective utilization of its water resources is to contribute to a strong
state economy and at the same time provide a quality environment.

In an effort to identify many of the critical water problems facing the
state, a series of meetings were held with state agency leaders and faculty
members fres a variety of disciplines. It became increasingly evident to the
participants that many of the problems could not be solved independently and
that the sum of the solutions from separate disciplines is not likely to be the
solution of the whole.

Much of the information which research can provide is viewed by state agency
personnel in ttrms of technical and economic needs, the legal and institutional
restraints appearing less obvious. Awareness of the deficiencies in the field
of sociology and psychology as related to water resources is practically non-
existent.

The discussions disclosed many areas needing immediate research such as:
A satisfactory temperature standard for state waters, pollution from combined
sewers, methodology for investigating fish kills, compatibility of oyster beds
with waste water outfalls, improved criteria for operation of waste stabiliza-
tion ponds, agricultural pollution, seawater encroachment in coastal areas,
a statistically significant system for monitoring and sampling, impa.:t of
reservoir drawdowna on recreation ,Ind on regional economy, conjunctive water use
in water rescurces planning, resource potential of wetlands and marshes, relation
of water resources to economic growth, evaluation of recreation and wildlife
other than by market pricing, and water pricing as a minthod for allocating water
Use.

The list does not include all of the areas which need research, yet it will
take s significant financial input on a sustained basis by Virginia to close the
Information gap foe just the research needs enumerated.

Tht Center's current research program gives increased emphasis to the prob-
lem areas. Project B- 009 -VA deals with the ffects of reservoir operating policy
on recreational benefits, 8017-VA is concerned with the effects of heated waste
waters upon microbial communities, and B- 025 -VA is analyzing and evaluating the
Virginia water resource administrative agencies. Project A-037-VA involves the
development of an electrochemical process for more economical regeneration of
carbon used in tertiary treatment. A-031-VA is a pre-impoundment study of the
North Anna River prior to receiving discharges from a thermal reactor. B-G21-VA
is designed to predict surface temperature variations and evaporation losses for
impoundments, and A-023-VA is developing a method for measuring underground
storage.

Some of the research completed to date has found immediate application. An
example is Project A-008-VA which was concerned with the statutory and case law
dealing with water resources in the Commonwealth. The first printing of the
report (500 copies) was exhausted within six months. The demand is such that a
second printing is in press. The city attorney of Harrisonburg offered this
comment. "I would like to take the opportunity to compliment you for an excel-
lent and much needed publication."
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Center Involvement in Public Aff^irs

Liaison between the Center and water agencies, state and federal, is through
personal contacts by the Director. The director participates in citizen advisory
groups to discuss the part research might play in developing the intormation
necessary for good policy decisions. Membership on state legislative advisory
groups enables the director to contribute in the formation of legislation related
to disposal of solid wastes affecting water and streams, and the licensing of
water and waste treatment pant operators. A seminar on combined sewers was
sponsored to learn first hand the results of ongoing research, to determine
research needs not being net and to prot.ote en4erstanding between interested
researchers and cities with problems needing immediate attention. The Center
also sponsorei a three-day short course on the economics of air and water pollu-
tion for engineers and administrators.

Center Involvement in Academic Affairs

The Center recently published a bulletin, "Water Resources Research Interests
in Virginia." This inventory of staff capabilities at all the institutions of
higher learning in Virginia enables the Center to readily solicit the best
talents of the Commonwealth for research on a specific problem.

The director's input into university committees such as the one on Patents
and Proprietary Rights helps to encourage a fair patent policy for the univer-
sity and the researcher.

A memorandum of tnderstanding was executed by the Center and ARS, U. S.
Department of Agriculture to provide a vehicle for more cooperative research
on campus.

WASHINGTON

Allen F. Ageew, Director

The State of Washington Water Research Center is now concluding a second
major group of studies for Lhe Washington Department of Water Resources. These
studies, elthcugh only indirectly supported by OWRR, were made possible by the
establishment and continued backing of the Center by OWRR under PL 88-379. We
have a strong feeling that studies such as we are doing should be interdisciplin-
ary, and have been attempting to make them so. Many of the involved faculty
have worked together off and on now for nearly four years.

A truly satisfactory interdisciplinary approach requires essenttslly that
at every decision-melting step every alternative and consequence be understood.
This incredible requirement is further complicated since, if all consequences
are to be understood, all factors must be -onsidered. Unfortunately, many factors
are not reduceable to common terms. It is difficult to equate DOD reduction, for
example, with the value of scenery. The decisions, then, in fact quite often
become political.

Decisions on water resource developments are mads daily- -too often without
considering the overall effect or, even that there are valid alternatives. This
is not due to the ineptness of state and federal agencies. In most cases,
particularly at the state level, it is due to the simple fact that they are
grossly overworked and inadequately funded. Unfortunately water resources
agencies thus barely have time to keep up with their "housekeeping" duties and
little or no time for planning. Since the major effort of future project con-
struction will probably continue to be in the federal sphere--if the state has
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any expectations of influencing the federal forces, and it should, it must be
prepared to critically evaluate the federal plans in line with its own. Modern
tools developed to aid them in the planning function will be a tremendous asset
to t'telr operations.

Thus, the university-associated water research centers have the opportunity
to be of tremendous service to the state water resources planning agencies.
Through an integration of the multidisciplinary expertise available on the
campuses ve can offer objective research and consultation. In the state of
Washington wo have bean attempting to work very closely with the Department of
Water Resources. Through funds from OWRR and from state and private sources
we have thus far been studying as many of the individual factors (water quality,
recreation, groundwater, etc.) as possible and are planning to start our first
systems analysis of a major area of the state. In this study computerised models
of the hydrology, river hydraulics, economic interactions, water quality, recrea-
tion, end irrigation will be developed individually. Whew completed they will
be integrated to form an operational model by which the effects of various
alternative operating schemes can be evaluated.

It is clearly understood that not all of the relevant factors can be incor-
porated into a systems model. However, it is felt that the procedure we con-
template will offer a rational method by which the planners can compare various
alternatives. With the successful completion of this first stage, models for
other areas will be similarly developed and tied in. This procedure .411
eventually give the Department of Water Resources a major tool for evaluating
any proposed plan.

Many of the allotment projects sponsored through the Center will have
direct application in the systems study either as direct input or ati an indirect
aid in evaluating altarnativea; a few are discussed here. Ohe of the factors,
for example, which is as yet not quantifiable for direct inclusion is the effect
on waterfowl reproduction of the cevelopment of a water resource. Project

A-005-WASH, "Some Effects of Water Impoundments on Waterfowl Populations and
Reproduction on the Snake River," by Dr. frven 0. Buse has been attempting to
fill this knowledge gap. Project A-003-WASH, "Simulation of a Water Resource
System," by Dr. D. E. Bevan and Cr. C. J. Paulik, however, has show that many
of the effects of flow and water quality can be simulated to show the effect on
fish.

Several projects deal directly with the stochastic nature of runoff and
will be incorporated into the system modal with only slight modification.
Projecc A-020-WASH, "Serial Correlation in Annual Stream Runoff," by Prof. T.
Campbell, Project A-028-ASH, "Runoff '.veneration as a Function of Precipitation
And Watershed Cheracteciatics," by Prof. J. Oladwell and Project A-022-WASH,
"Methods of Analysis and Determination of Effects of Alternative Um of
Forested Lands on Stteamflow," by Dr. S. Geese' are typical of those underway
or recently completed.

A project dealing specifically with the water requirements for irrigation
use will be o: particular importance to economic analysis: Project A025WASH,
"Maximising Productivity of Water Used for Irrigation of Agricultural Lends,"
by Dr. M. WItittlesey and Dr. W. Butcher. In addition, the physical and economic
effect of water quality control will to included as a result of studies sponsored
by the Department of Water Resources.

Future activities of the Wasaington Waver Research Center will show an
Increased emphasis on public communication. Although stainers and conferences
have been and will continoe to be sponsored on campuses, greater effort will be
mede to involve non-university people in these activities. It is expected that
these functions will be of interest to both technical and non-tachnical people
interested in the water resources of the state and region. There will also be
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renewed interest in establishing close ties with the decision makers of govern-

ment at all levels in order to open the lines of communication which are all too

easily closed. Finally, a regular newsletter will be published in which water

resource problems of the area will be discussed.

WFST VISGINIA

Chester L. Dodson, DirectT

The water-resource problems of West Virginia are chiefly related to flow
characteristics of streams and to water quality. Space and time distrib4tiun of
precipitation, mature physiography expressed by rugged and steep topography, and
impermeable bedrock and shallow soil relate to the flow characteristics. The
fundamental characteristics are extremes of not,: caused by rapid runoff.

Water quality is basically related to the flow extremes and to mine, indus-
trial, municipal, and agricultural effluents. Acid mine water causes an out-
standing example of water pollution but other causes of water pollution are
equally significant. A problem that is becoming increasingly significant is
host pollution caused by steam electric stations. Using coal to generate elec-
tricity is vital to the future economy of West Virginia, but keeping the adverse
effects of cooling to a minimum will require optimum management of the water
resources.

Lack of knowledge can be consid,red the greatest of all water problems. The
lack ranges across the unavailability of basic data, the unknown ecologic effects
of water quality, the social effects of water-resource development, and on to the
lack of trained water-resources manpower. Much new knowledge must be gained if
the state is to obtain the greatest benefits from its water resources.

Maio Thrust Toward Problem Solaria

Although not so limited, the main thrust of the Water Research Institute
has been, and during the next five years will be, toward solving water-quality
problems. Although partly incidentally, most of the effort has been related
to acid mine water. In the future, more research will be related to thermal
quality and sociorconomic effects.

Accomplishment-using results from a given project cannot be totally and
specifically limited, identified, or defined because, among other things, the
future cannot be known, but some examples can be given. Results from completed
Project A401WVA will aid in using knowledge of the effect: of acid mine water
on fish to establish more rational water-quality standards and perhaps to estab-
lish recreatio.41 fisheries in streams containing low -quality water. On -going

Projects A.016WVA and A.CII7.WVA continue the studies begun under A401UNA and
are expected to give more positive and useful knowledge. Completed Projects
A-002IVA and A-0144VA and on -going Project A-01-uVA have yielded, and are
expected to yield, knowledge of the microbiology of mixtures of acid mine water
and sewage that tan be of far-reaching significance in management of water
quality and perhaps will lead to new treatment methods.

Completed Relearch Results Seine Used

Most project completions have been so recent and so few reports have been
published that use of the research results has barely begun. The largest use has
been in plamtng new projects. Methodology Mated to runoff, which was decaloped
by Dr, Vulit L. Gupta ot. Project A003-WVA, is receiving widespread interest and
is being used by others. Results of cherical analyses done as part of Project
AO08 -WVA were used in planning a community water system and saved about a year
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of planning time. Results from Project A-006-WVA are aiding in prediction of
precipitation in remote areas and design of engineering structures, but the
impact of the study will follow sometime after distribution of the published
report.

Other Activities and Accomplishments

The Water Research Institute is becoming the focus for new water-resource
knowledge in the state. A report is being prepared that can serve as a basic
guideline for formulating water-resource policy by State Government. The Insti-
tute continues being the coordinator of water-resources research at the University.

The Institute, in the person of the Director, is furnishing scientific infor-
mation needed for formulatina and demonstrating to the public the need for a
West Virginia water-rights law. During FY 1969, the Director attended meetings
of the Legislative Committee that was considering a law.

An attitudinal problem exists not only on the University Campus, but, also, t.

nationally. This is the attitude toward PL 88-379 funding as just another grant
or contract and not as support of en institutional system of water-research
institutes in the same way as the agricultural experiment stations are. On
campus, the problem is being met by continually emphasising to the University
administration that the allotment program is a perpetual institution and should
be cons:dered different from grants and contracts.

The institutes of West Virginia, Ohio, and Pennsylvania continued their
close cooperation and coordination during FY 1969.

The statewide advisory board of the Institute held its first formal meeting
in March 1969.

State direct and indirect financial suppott during FY 1969 was about
$50,000. State agencies, especially the Water Resources Division of the Depart-
ment of Natural Resources, furnished all requested aid, data, and retie .-e.

WISCONSIN

Gerard A. Rohlich, Director

High on the list of the Wisconsin Water Resources Center's priorities is
consideration of the factors causing the eutrophcition of lakes and the pose'.
Waits for improving technology, institutions, and policies for water quality
management. Attention is also being given to determining the effects on water-
related resources, of the disposal of waste products and of the use of pesticides
in the environment. Several of these investigations will provide background
information for the development of the state's utter plan. The Center's program
encourages interdisciplinary participation on research in priority areas at
public institutions throughout the state.

The Center is now sponsoring several projects dealing with eutrophication.
Support for the program comes from a number of federal and state agencies,
especially the Federal Water Pollution Control Administration and the Office
of Water Resources Research (8.020, 8.022, A-014, A-017 and A-020). Ilimphasis

is upon understanding the process and developing rc ,dial measures within a
multi-disciplinary fralework. Projects have Le en awarded to investigators at
a number of different universities within the state.
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Another major research effort is focused upon the technical and institutional
aspects of water quality management. Using the Wisconsin River Basin as a case
study area, an interdisciplinary team of engineers, economists, political
scientists, lawyers, and planners have initiated a program of studies aimed at:
a) understanding the technical opportunities for managing water quality in an
economical fashion within the region, and b) defining the legal, administrative,
and fiscal arrengements required to realize such economies (C-1228).

The Center's program encourages interdisciplinary participation on
in priority areas at public institutions throughout the state.

Implicit in the Center's research activities is the responsibility to
supply information on research findings. The Water Resources .'cientific Infor-
mation Center has designated the University and the Water Resources Center as a
Center of Competence in Butrophication Information. On the recommendation of
the Joint Government-Industry Task Force on Eutrophication, these services have
been substantially enlarged. Additional emphasis is placed on providing water
resources reference literature on a statewide br.sis.

research

Some of the early projects supported by the Water Resources Research Act
served as a basis for two of the major research programs underway in Wisconsin.
As a result of the early investigations (A-001-WIS, A-002-WI3, A-003-WIS, A-004-
WIS and A-011-WIS), the broad scale eutrophication research and information
program now underway was developed. Similarly, the preliminary studies supported
on river basin planning (A-009-WIS) have evolved into a broad interdisciplinary
effort with close liaison with industry, state agencies, and commnities w2thin
the Wisconsin River Basin which covers one -third of the state.

As an outgrowth of two allotment projects for studies (A-011 and A-019) on
Lake Butte des Norte, the faculty at tOe Wisconsin State University at Oshkosh
have formed a multi-disciplinary group to study lake environments and the
university has created a Limnology Laboratory to facilitate the effort. Con-
currently, the project (A-023-W1S), granted last year at Wisconsin State Univer-
sity-Superior, encourages similar action by the university when it established
the Center foe Lake Superior Environmental Studies to support interdisciplinary
efforts there. Superior's research program has been strengthened through
Acquisition of a used, 40-foot launch from excess government property which was
possible because of the University's activity under the Water Resources Research
Act.

The state's flood plain and shoreland management and protection program has
been assisted significantly by the efforts of investigators on project B-022.

WIS. This in turn led to a contract between the Water Resources Council and
members of the project to prepare a report on the legal aspects of flood plain
regulation. One member of the initial study has become chief of water resources
planning section of the State Department of Natural Resources.

Professor Gerard A. Rohlich, Director of the Center, was elected Secretary
of the Natural Resources Board for the state and was appointed to the Invirot.-
mental Health Sciences Advisory Committee of tne National Institute of Health.
Also, the director has continued as a member of the Board of Directors of the
University Council on Water Resources and as Director of the Institute for
Environmental Studies at the University of Wisconsin.

Among his other activities, Professor Irving K. Fox, Associate Director,
was a member of the United Nations Panel in Vienna, Austria on international
water resources development and is a continuing member of the Research Advisory
Council of the Wisconsin Department of Natural Resources. He was recently
elected Chairman of the Department of Urban and Regional Planning at the
University of Wisconsin. Professor Fox is a consultant to the National Water
Commission and was a member of the board of Consultants of the San Francisco
Bay-Delta Water quality Control Program Study of the State of California.
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During the past year, the water resources research activity ties between

the state water agencies and the university community have been strengthened

under the Joint Agency -Water Resources Research and Data Collectichg Program.

WYOMING

Paul A. Rechard, Director

The Wyoming Water Resources Research Institute was established at the Univer-
sity of Wyoming in the Fall of 1964 for tke purposes of coordinating water
resources activities within the University and accomplishing water resources
research supported directly by funds allocated to the Institute.

Administratively the Institute is a division of the Wyoming Natural Resources
Research Institute of the College of Engineering and it operates under policies
established by a Water Resources Panel of the University. Members of the Panel
are appointed from each of the seven Colleges of the University and serve as a
head of a unit of the Institute in their respective Colleges. In addition,
representatives of Wyoming State Agencies with major water resources interest
serve as Associate Members of the Panel.

The Panel has chosen to utilize the funds available under the Annual Allot-
ment for an interdisciplinary project entitled "Water Resource Operations Study."
The purpose of the research is to learn more about the relationships among the
many kinds and aspects of water resource operations. Because there are so many
ramifications to mach a study, the institute had, as initial objectives, studies
to finds

(a) The criteria that might best apply to water resource planning in Wyoming.
That is, how might the State of Wyoming best measure the values of various alter-
native uses (or non-uses) of water. As a study area, the initial investigation
will look at the problems of transmountain diversion from the Green River to the
Platte River Basins in Wyoming.

(b) Ways and means of utilizing the readings from field instruments by more
than one discipline. Too often it is found that an instrument is installed for
a single purpose whereas, if consultation and discussion with someone in another
discipliob had taken place, that same instrument could serve many other purposes.
The problems of operating instruments in remote locations is also being studied.

(c) With the possibilities of weather modification becoming operational
in a few years, the Institute chose to investigate the possible legal and
engineering impacts of the artificial snowpack augmentation program. The Univer
sity of Wooing, through the Natural Resources Research Institute of the College
of Engineering, has an active research program on snowpack augmentation under
wsy at the present time. The impact of this work was the subject studied by the
Institute and a project completion report on the legal phase was published In
the LEALAIALloter Law Review, Volume It, Number 2, pages 213.319. A reprint
of the article, together with a supplement prepared by the author, was published
as Water Resources Series No. 11.

(d) the interrelationships of water quality and water utilisation wilt
replace the study of the impacts of snow-pack augmentation starting in FY 1970.
It is planned to initially study the effects that recreational use of water has
on the water quality and, in turn, the effects of water quality on recreational
use.

(a) As an overview of the entire water resource operations study and util
lain* the data and experience of the other detailed aspects, such as ite*s (a)
(d) above, principles of analysis of water resource operations will be developed.
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The Institute has published fourteen reports in its Water Resources Series,
four Annual Reports, four reports dealing with State Water Planning in Wyoming,
and one general information report on Wyoming's weather. Three additional reports
havo been processed through the College of Agriculture and seven issues of the

Land and Water Law Review of the College of Law. Eighteen advanced degree theses
have resulted from support by the Institute.

The Institute is deeply committed to utilizing the major portion of the funds
for the support of undergraduate and graduate students at the University. To

date, in the neighborhood of 200 students have received some measure of support
through the Annual Allotment Pe Tram of the Office of Water Resources Research.
It is critical to the operation of the Institute that the Annual Allotment con-
tinue to be provided, and indeed, due to the cost of doing business spiral, the
amount of funding should be increased.

The University of Wyoming also has obtained two matching grant projects
under Section 101 of PL 88-379. The first matching grant resulted in a report
entitled "The Effects of Varying Land and Water Use on Streamflow Regimes" and
was supported in part by the City of Laramie and the University. The other study
entitled "The Value of the Game and Fish Resources in Relation to the Future
Utilization of the Water of the Green River Drainage in Wyoming" is now underway
and is being partially supported by the Wyoming Game and Fish Commission and the

University.

The University has submitted four proposals for funding under Tile II pro-
visions of PL 88-379. However, none of these proposals has received support.

The Wyoming Water Resour .s Research Institute hopes to become even more
active in the water resource program at the University as the years go on. The

research underway, it is believed, is applicable to the current problems facing
the state and nation, and a measure of coordination of effort is being accom-
plished.
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The demand for waterbased recreation is increasingt recreation, esthetics
and fish and wildlife values are being given more consideration in water
resources planning.
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orrIct OF 4AfEk klisOMES kil:nAkC0

ALLOPLSTS AND 01S6URSEnEgTi TO snit Issrimits

Ann0a1 Allotment Crolram - Fiscal Year 19G

(I)
State

(1/
Niount 95
FY 19692.

Annual Allotnent
Agreenent

(5)
11sImrsed tQ
State ZtA

June 30, 1069

011:1a1.1 01I11gatlons3/

acid ConAltnents of
State Institute as
a lune 30, 1069

Ala!mrta

Alaska

Arizona
Arkansas
California

Connecticut
Oelawaro
Florida
Georgia

$100,000.00
100,000.00
100,000.00
103,000.00
100,000.00

100,000.00
100001.00
100,000.00
100,000.10
100,000.00

S100,000.00
100,100.00
100,001.00

100,000.00

100,000.00
100,010.00
100,100.00
100,000.00
13,000.00

100,010.00

2,000.00

1awaii 1S,Oomo 15,001.00
Idaho loo,oulao 100,01m.00
Illinois loo,loa.00 100,0oom
Indiana 1J0,0(11).00 100,00u.no

lou,o000m oN1000.01

Kansas 100,000.00 100,00o.00
KentuCky 100,000.00 100,00o.o0
Louisiana 100,000.40 100,000.00
!laine 109,10.00 100,000,0o

100,000.00 100,000.00

Massachusetts 101,00).on 100,000.00
lichigan 103,000.01 100,000.00
Minnesota 100,000.00 100,000,00
lississippi 100,003.01 100000.00
:flssouri 100003.00 100,000.00

4ontana 10000,1.00 100,000.01)

Nebraska 101000.00 10q,o0o.to
Nevada 100000.00 100,00oon
New Hampshire 100,000.00 1000ousocl
New lersey 100,000.00 100,010.0M

New "exico 100,000,00 100000.00
New York 100,000.00 100,000.00
North CarolinP 100,000.00 10m03.o0
North tiakota 100,000.00 100000.00
Ohio 100,000.0J 9i,500.01 1,100.00
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-717-
State

( 2)

Amount of
FY 19691!

Annual Allotment
Agreement

(3)
Disbursed to
State as of?/
June 30, 1969

Unpaid 0bligations2/
and Ccroitments of
State Institute as
of June 30 1969

Oklahoma $100,000.00 $100,000.00 $ ft

Oregon 100,000.00 100,000.00

Pennsylvania 100,000.00 100,000.00
Puerto Rico 100,000.00 100,000.00
Rhode Island 100,000.00 100,000.00

South Carolina 100,003.00 100,000.00
South Dakota 100,000.00 100,000.00
Tennessee :00,000.00 100,000.00
Texas 100,000.00 100,000.00
Utah 100,000.00 100,000.00

Vermont 100,000.00 100,000.00
Virginia 100,000.00 100,000.00
Washington 100,000.00 100,000.00
West Virginia 100,000.00 100,000.00
Wisconsin 100,000.01 100,000.00
Wycaing 100,000.00 100,000.00

TOTAL $5,100,000.00 $4,951,500.001/ $ 148,5001./

1/ In all cases, approved State institute programs and related
budgets were equal to the f Y 1969 Annual Allotment.

2/ Column (3) shows the actual cash paid out by the U.S. Treasury
as of June 30, 1969, to tne State institutes In response to
approved requests for payment. To minimize end-of-quarter cash
balances, advances of funds to grantees aro in amounts estimated
by the Stilte institutes to be required to liquidate due and
payable obligations in the ensuing quarter.

3/ Column (4) reflects the amount not disbursed to the State institutes
as of June 30, 1969, against the $100,000 allotment, but subsequently
needed by the institutes to meet liabilities and anticipated
maturing obligations incurred for the Fiscal Year 1969 annual allot-
ment program. (See 4/ below.)

4/ Of the total annual allotment funds available In Fiscal Year 1969,
total disbursements or payments to the State institutes by
September 30, 1969 had increased to a total of 55,098,500.00 (91.971
of obligations' authority) leaving $1,50t.90 remaining to be paid
out.
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APPENDIX 8

OFFICE OF KATER RESOURCES RESEARC4

GRANTS AND DISBURSEMENTS TO STATE INSTITUTES

Matching Grant Program - Fiscal Year 1969

INIMMO0.111
State

Amount 01.111Frer
Amount of Grant(s)1/ to lnstitutos in,,

Fiscal Year 1969"

Alabama $177,888

=11.1
$110,b).).00

Arizona 82,950 22,500.00
Arkansas 24,692 -

California 72,955 30,878,00
Colorado 237,470 122,374.00

Delaoare 25,800 9,037.00
Georgia 79,464 14,600.00
Hawaii 42,650 29,775.00
Idaho 23,973 7,353.00
Illinois 216,51G 82,307.50

Indiana 58,147 13,205.00
Iowa 9,000 4,700.00
Kansas 14,165 2,550,00
Kentucky 48,082 23,774.88
Maryland 76,657 25,257.00

Massachusetts 231,430 85,425,00
Minnesota 115,436 26,799.00
Missouri 12,026 4,978.00
Montana 125,950 32,565.0(1
Nevada 83,600 49,000.00

New .Jersey 17,540 17,540.00
New Mexico 67,596 67,5)6,00
New York 64,820 20,000,00
rorth Carolina 291,238 68,151.00
Ohio 30,000 21,400.00

Oklahoma 64,490 26,000.00
Oregon 116,712 51,025.10
Pennsylvania 29,616 15,745.00
Rhode Island 22,450 15,780,01
South Carolina 36,67:: 11,263.17

South Dakota bl,soa .05,0000
Tennessee 14,297 8,215.00
Texas 110,113 35,654.00
Utah 119,550 45,940.4,
Washington 36,750 1,000,00
W isconsin 157,502 47 425 00

..--4-.....1.....

TOTAL 53,000000 51,157,461.95 li
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1/ This column shows Federal support only; non-Federal matching
funds are not included.

2/ This column reflects the total cash paid out by the U.S.
Treasury as to June 30, 1069, to State institutes in response
to approved requests for payment. In accordance with
Treasury Department general policy, advances of money to
grantees are the amounts estimated to be required to liquidate
obligations in the ensuing quarter in accordance with the
approved proiaam.

The time period during which a matching grant agreement is
effective extends over the entire time during which project
activity is scheduled, usually more than one fiscal year.
Thus, the beginning and ending dates specified in a matching
grant agreement do not necessarily coincide with the beginning
(July 1) or ending (June 30) dates of a fiscal year.

3/ As of September 30, 1969 totil disbursements of 41,389,477.10
had been made to State institutes for matching grants approved
in fiscal year 1969.

198



APPENDIX C

OFFICE OF WATER RESOURCES RESEARCH

CONTRACT AND GRANT AWARDS AND DISBURSEMENTS

Title II Program - Fiscal Year 1969

Project Organization
NUMber

C-1032
C-1196
C-1282
C-1290
C-1314
C-131S
C-1321
C1323
C-1337
C -1339

C-1357
C-1361
C-1370
C-I377
C-1388
C-1396
C-1401
C-1410
C-1414
C-1415
C-1428
C-1443
C-1469
C-1477
C-1484
C-1495
C-1496
C-1511
C-1397
C-1536
C-1537

Kansas State University
Cornell University
Hnivi of Kentucky Res. Foundation
Hydronautics, Inc.
Antioch College
Union College
Stanford University
Georgia Institute of Technology
University of Nevada
General Electric Company - TEMPO
George Washington University
New Mexico State University
Booz, Allen and Hamilton, Inc.
Texas Water Development Board
Temple University
Mittman Associates, Inc.
University of Maryland
Environmental Dynamics, Inc.
Surveys and Research Corporation
Arthur O. Little, Inc.

Amount of Disbursements
"Agri fn FY 1969

S 31,694
29,950
44,489
61,000
31,548
11,732
39,716
78,400
55,000
67,400
48,697
46,680
71,700

100,000
7,777

128,819
75,000
88,934
47,235
228,906

Virginia Institute of Marine Science 15,225
Montana State University 31,893
Abt Associates, Inc. 95,137
Water Resources Engineers, Inc. 75,800
Rensselaer Polytechnic Institute 40,000
Massachusetts Institute of Technology 28,000
Engineering-Science, Inc. 75,000
Cyrus Wm. Rice and Company 1 76,648
Hittman Associates, Inc. 84,362
American Society of Civil Engineers 84,400
Texas Tech/High Plains 98,578

TOTAL $1999,720

$ 15,523.13

50,476,10
10,459.81
9,000.00

43,300.00
43,150.00
31,272.40
9,315.26

35,045.75
25,176.00
80,051.23

105,721.26

25,000.00
35,555.52
65,867.42

6,395.00
80,866.45
17,580.00
34,000.00
21,000.00
38,542.71
65,194.19
56,850.41

41 500 00-----L-1--

$946,842.64 1/

1/ As of September 30, 1969 total disbursements of $ 1,358,045.23 had been
made to Title II grantees and contractors for awards approved in
fiscal year 1969 .
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APPENDIX D

OFFICE OF WATER RESOURCES RESEARCH (OWRR)

WATER RESOURCES SCIENTIFIC INFORMATION CENTER ( WRSIC)

Fiscal Year 1969 Expenses by Ohject Classification

Personnel Compensation and Benefits $104,188

Travel and Transportation 2,451

Rent, Communications, and Utilities 424

Printing and Reproduction 15,383

Other Services, Including Contractsl/ 264,694

Supplies and Materials 722

Equipment 2,292

Grantsli 96,958

TOTAL $487,112

Note: Expenses of OWRR's Water Resources Scientific Information
Center include costs of systems development, water resources
research catalog preparation, augmenting the information
base of water resources abstracts relating to significant
water resources published and tmpublished documents, making
document announcement services available to the water
resources cummunity, and related technical information center
activities.

1/ Includes contracts, grants, or fund advances to organizations
providing information base input, 3aformation base processing
and output, and system study services to WRSIC.
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APPENDIX E

OFFICE OF WATER RLSOURCES RESEARCH (0.1AR)

Fiscal Year 1969 - Program Administration Expenses
By Object Class' ication

Personnel Compensation and Benefits 5476,736

Travel and Transportation 12,581

Rent, Communications, and Utilities 15,164

Printing and Reproduction 9,533

Other Services, Including Contractsl/ 44,336

Supplies and ;Materials 4,553

Equipment 3,963

TOTAL $566,921

Note: Expenses of the Office of Water Resources Research include
costs of developing the program and establishing program
priorities; reviewing, analyzing and selecting research
project proposals for support; coordinating research
activities; preparing state-of-the-art studies; advising
research centers relative to research needs; monitoring pro-
gress and accomplishments under approved research grants and
contracts; as well as for administrative and housekeeping
functions.

if Includes contracts to obtain advisory assistance to program
management and for support of organizations providing house-
keeping and related services to Wit.
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APPENDIX G

OFFICE OF WATER REIFOURCURESEARCH

DISPOSITION OF MONEYS DURING CALENDAR YEAR 1969

Note: "Disposition of moneys during calenJar year 1969" for purposes
of this appendix, means firm fund obligations made by OWRR in
the form of State research program annual allotment agreements,
matching grant agreements, Title II grants and contracts, and
related OWRR program operations commitments during the twelve-
month period ending December 31, 1969.

Budget Activity

Disposition
During Jan. -
June 1969
from FY 1969
A ro riations

Disposition
During July -
December 196)
from FY 1970
A ro riations

Total
Disposition of
Funds During
the Calendar
Year 1969

Annual Alltoment
(Section X00) IMO$ $5,100,000 $5,100,000

Matching Grants
(Section 101) 3,000,000 3,000,000

Title II
(Section 200) . 81,400 1,972,232 2,053,632

WRSIC 300,737 215,263 516,000

Administration 238,508 267,492 506,000

TOTAL $ 620,645 $10,554,98711 $11,175,6321/

I/ Estimated for the months of October, November and December 1969.
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APPENDIX H

OFFICE OF WATER RESOURCES RESEARCH

DISPOSITION OF TITLE I MONEYS APPROPRIATED DURING CALENDAR YEAR 1969

Note: "Disposition of Moneys Appropriated During Calendar Year 1969"
for purposes of this appendix means firm fund obligations made by OWRR
in the form of State research program annual allotment and matching
grant agreements.

State Annual Allotmentli

(Section 100)
Matching GrantI/

(Section 101)
Total Disposition
of Funds to State
Institutes

Alabama $100,000 $105,769 $205,769
Alaska 100,000 64,821 164,821
Arizona 100,000 50,000 150,000
Arkansas 100,000 40,303 140,303
California 100,000 89,255 189,255

Colorado 100,000 174,760 274,760
Connecticut 100,000 - 100,000
Delaware 100,000 - 100,000
Florida 100,000 72,263 172,263
Georgia 100,000 56,552 156,552

Hawaii 100,000 45,279 145,279
Idaho 100,000 64,200 164,200
Illinois 100,000 179,719 279,719
Indiana 100,000 125,066 225,066
Iowa 100,000 44,524 144,524

Kansas 100,000 17,682 117,682
Kentucky 100,000 60,910 160,910
Louisiana 100,000 - 100,000
Maine 100,000 53,888 153,888
Maryland 100,000 71,853 171,853

Massachusetts 100,000 106,738 206,738
Michigan 100,000 59,882 159,882
Minnesota 100,000 129,563 229,563
Mississippi 100,000 41,520 141,520
Missouri 100,000 17,478 117,478

Montana 100,000 33,040 133,040
Nebraska 100,000 40,000 140,000
Nevada 100,000 93,500 193,500
New Hampshire 100,000 - 100,000
New Jersey 100,000 44,397 144,397

(Continued on next page)
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State Annual Allotmentil
(Section 100)

Matching Grant
(Section 101

Total Disposition
of Funds to State
Institutes

New Mexico $100,000 $ 80,474 $180,474
New York 100,000 48,200 148,200
North Carolina 100,000 60,124 160,124
North Dakota 100,000 - 100,000
Ohio 100,000 203,640 303,640

Oklahoma 100,000 35,476 135,476
Oregon 100,000 108,801 208,801
Pennsylvania 100,000 96,357 196,357
Puerto Rico 100,000 - 100,000
Rhode Island 100,000 21,711 121,711

South Carolina 100,000 63,921 163,921
South Dakota 100,000 36,020 136,020
Tennessee 100,000 15,425 115,425
Texas 100,000 66,330 166,330
Utah 100,000 89,213 189,213

Vermont 100,000 - 100,000
Virginia 100,000 66,287 166,287
Washington 100,000 6,775 106,775
West Virginia 100,000 - 100,000
Wisconsin 100,000 94,464 194,464
Wyoming 100,000 23,820 123,820

TOTAL $5,100,000 $3,000,000 $8,100,000

ij Annual Allotments to State institutes in calendar year 1969 were
made from Fiscal Year 1970 appropriations.

gj Matching Grants to State institutes in calendar year 1969 were
made from Fiscal Year 1970 appropriations.
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APPENDIX I

OFFICE OF WATER RESOURCES RESEARCH (OWRR)

WATER RESOURCES SCIENTIFIC INFORMATION CENTER (WRSIC)

Calendar Year 1969 IExammtmallatigasificationli

Personnel Compensation and Benefits $119,000

Travel and Transportation 7,000

Rent, Communications, and Utilities 2,000

Printing and Reproduction 21,000

Other Services, Including Contractaal 270,000

Supplies and Materials 2,000

Equipment 5,000

Grants2/ 80,000

TOTAL1/ $506,000

Note: Expenses of OWRR's Water Resources Scientific Information
Center include costs of systems development, water resources
research catalog preparation, augmenting the information base of
water resources abstracts relating to significant water resources
published and unpublished documents, making document announce-
ment services available to the water resources community, and
related technical information center activities.

1/ Expenses reported cover the period January 1, 1969, through
December 31, 1969. (Expenses for the months of October,
November, and December are estimated.) Because this is
calendar year statement and includes parts of funds appro-
priated for fiscal years 1969 and 1970, estimated expenses
differ from either of the individual year appropriations for
the WRSIC activity.

2/ Includes contracts (or grants) to organizations providing
information base input, information base processing and out-
put, and system study services to WRSIC.
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APPENDIX J

OFFICE OF WATER RESOURCES RESEARCH SOWRRX
PROGRAM ADMINISTRATION

Calendar Year 1969 - Ex

Personnel Compensation and Benefits $528,000

Travel and Transportation 14,000

Rent, Communications, and Utilities 20,000

Printing and Reproduction 14,000

Other Services, Including Contracta/ 23,000

Supplies and Materials 7,000

Equipment 7,000

Grants 2/ 10.000

TOTAL 1/ $623,000

Note: Expenses of the Office of Water Resources Research
include costs of developing the program and establishing pro-
gram priorities; reviewing, analysing, and selecting research
project proposals for support; coordinating research activities;
preparing state-of-the-art studies; advising research centers
relative to research needs; monitoring progress and accomplish-
ments under approved research grants and contracts; as well as
for administrative and housekeeping functions.

1/ Expenses reported cover the period January 1, 1969, through
December 31, 1969. (Expenses for the months of October,
November, and December are estimated.) Because this is a
calendar year statement and includes parts of funds appro-
priated for fiscal years 1969 and 1970, estimated expenses
differ from either of the individual year appropriations for
program administration.

2/ Includes contracts, grants, or fund advances to obtain
advisory assistance to program management; for preparation
of critical reviews by expert consultants; and for support
of organiations providing housekeeping and related services
to OWRR.
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APPENDIX H

Water Resources Research Categories

(Reprinted from Appendix A, pages 78-82, of "A Ten-Year
Programs of Federal Water Resources Research," a report
of the Federal Council for Science and Technology Com
mittee on Water Resources Research, February 1966.)

I. NATVILIOFWArtli
Category 1 deals with fundamental reaearch on the water substance.

Preprmist of rawStudy of the physical and chemlud prop-
tele of pure water and is thermodynamic behavior In ks various
RAWL

B. AfitOtl PattiOU acd numuioarStudy of the effects of mt.
ow solutes on the Nefertiti of water; surface interactions; col-
loidal suspensions.

11. Water Chou
Category 11 coven wuraDy research on the natural processes in-
volvirg water. It is an essential supporting effort to embed prob-
lems In later categories.
A. Otancl---Sevdies invoking two or more phew of the water

cycle such u hydrologic models; rainiallrunoR relations; airfare
and groundwater relationships; vratenbed studies, etc.
htrijritarieftInvestigation of spatial and temporal variations
of precipitation; physiovaphit effects; time trends; extremes;
probable mastinmen peecipiution; sOVeuft of MOM, etc.

C. Saw, ire, mad frog Studio of the commence and &mods,
namics of water in the solid state in nature; spatial variations of
snow and free; formation of ice and frost; breakup of river and
isle ice; gleckn, per:harm, se.

D. Eaapetatioa tad traasfritatietttavestiption of the process of
evaporation from lake, soil, and snow and of the transpiration
woes In plants; methods of estimating actual evgifOUStdpill
tkis; cony Wane.; eat
trstacadarMechanics of fl.rw in streams; flcod rondo; bank
storage; space aid time variations (include high and inor-flow
(regency) ; droughts ; Roods, etc.

F. CrerridnereStudy of the mechanics of groundwater move-
ments; seshiphase einem; Waite of natural rtcherge; tne-
thanks of Row to uellt and drains; subsidence; properties of
ego:fen; et.

G. Wart in re&--Infiltretion, Ste,tetttA and storage el weber in the
sone of aeration, including avg.

H. laborllydrologro,hydrecheeita' 1, and thevetal mimes of bike;
wale kvd llectuaticee; corienn and users.
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1. Water and plantsRole of plants in hydrologic cycle; water re-
quirements of plants; interception.

J. Erosion and sedimentationStudies of the erosion process; pre.
diction of sediment yield; sedimentation in lakes and reservoirs;
stream erosion; sediment transport, etc.

K. Chemical process -- Chemical interactions between water and
its natural environment; chemistry of precipitation.

L. Estuarile problemsSpecial problems of the estuarine environ-
ment; efTect of tides on flow and stage; deposition of sediments;
sea water intrusion in estuaries.

WATER SUPPLY AUGMENTATION AND CONSERVATION

As water use increases we must pay increasing attention to methods
for augmenting and conserving available supplies. Research in Cate-
gory III is largely applied research devoted to this problem area.
A. Saline water conversionResearch and development related to

methods of desalting sea water and brackish water.
B. Water yield improvementIncreasing strearntlow or improving

its distribution through lar.d management; water harvesting from
impervious areas; phreatophyte control; reservoir evaporation
suppression.

C. Use of water of impaired qs.afityResearch on methods of agri-
cultural use of water of high salinity; use of poor quality water
in industry crop tolerance to salinity.

D. Conservation in domestic sueMethods for reducing domestic
water needs without impairment of service.

E. Conservation in industryReduction In both consumption and
diversion requirements for industry.

F. Conservation in agricultureMore efficient irrigation practice*.
Chemical control of evaporation and transpiration; lower water
use plants, etc.

IV. WATER QUANTITY MANAGEMENT AND CONTROL

Category IV includes research directed to the management of .eater,
exclusive of conservation, and the effects of related activities on water.
A. Control of water on the landEffects of land management on

runoff ; land drainage; potholes; etc.
B. Groundwater management -- Artificial recharge; conjunctive op-

eration; relation to irrigation.
C. Effects of man's related activities on water Impact of urbanisa-

tion, highways, logging, etc., on water yields and flow rates.
D. Watershed protectionMethods of controlling erosion to reduce

sediment load of streams and conserve soil.
V. WAIT* QUALITY MANAGEMENT AND PROTECTION

An increasing population increases the wastes and other pollutants
entering our water supplies. Category V deals with methods of Iden-
tifying, describing and controlling this pollution.
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A. Identification of pollutants -- Techniques of identification of
physical, chemical and biologic pollutants; r,tional measures of
character and strength of wastes.

B. Source: and fate of pollutionDetermination of the sources of
pollutants ir water; the nature of the pollution from various
sources; path of polluint from source to stream or groundwater.

C. Effects of pollutionDefinition of the effect of pollutants, singly
and in combination, on man, aquatic life, agriculture and in-
dustry under cond;t:ons of sustained use; eutrophic.tion.

treatment processesResearch to improve conventional
treatment method; to gain efficiency or reduce cost; processes
to treat new types of waste; advanced treatment methods for
more complete removal of pollutants including purification for
direct reuse.

E. Ultimate disposal of wastesDisposal of residual material re-
moved from water and sewage during the treatment process; dis-
posal of waste brines.

F. Water treatmentD !opment of more efficient and economical
methods of making water suitable for domestic or industrial use.

G. Water quality controlResearch on methods to control stream
and reservoir water quality such as flow augmentation; stream
and reservoir aeration; control of natural pollution; control of
pollution from pesticides and agricultural chemicals; control of
acid mine drainage; etc.

VI. WATER RESOURCES PLANNING
The problems of achieving an optimal plan of water development are
becoming increasingly complex. Category VI coven research de-
voted to determining the best way to plan, the appropriate criteria
for planning and the nature of the economic legal and institutional
aspects of the planning process.
A. Techniques of planningApplication of systems analysis to proj-

ect planning; treatment of uncertainty; probability studies.
B. Evaluation processDevelopment of methods, concepts and cri-

teria for evaluating project benefits; discount rate; project life;
methods for economic, social and technological projections; re-
liability of projections; research on the value of water in various
uses.

C. Cost allocation, cost sharing, pricing/repaymentResearch on
methods of calculating repayment and establishing prices for
vendible products; techniques of cost allocation; cost sharing,
pricing and repayment policy.

D. Water demandResearch on the water quantity and quality re-
quirements of various uses, both diversion and consumption.

E. Water law and institutionsA study of state and Federal water
law looking to changes and additions which will encourage greater
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efficiency in use; investigation of institutional structures and con
straints which influence decisions on water at all kvels of gov-
ernment.

F. Nonstructural alters, sliverExploration of methods to achieve
water development aims by nonstructural methods such as flood
plain zoning.

G. Ecologic impact of water development ..:ffecu of water manage.
ment operations on overall ecology of the area. Excludes effect
of pollution under V-C.

VII. RESOURCES DATA
Planing and management of our water resources require information.
Category VII includes research oriented to data needs and the most
efficient methods of meeting these needs.
A. Network designStudies of data requirements and of the most

effective methods of collecting the data.
B. Data acquisitionResearch on new and improved instruments

and techniques for collection of water resources data; telemeter-
ing equipment.

C. Evaluation, processing and publicationStudies of effective
methods of processing data, form and nature of published data;
maps of data.

VIII. ENOINEERINO WORKS
To implement water development plans requires engineering works.
Category VIII describes research on design, materials and construc-
tion which is generally useful to all aspects of water management.
Works relevant to a single specific goal, such as water treatment or
desalination, are included elsewhere if an appropriate category exists.
A. DesignResearch leading to improved design of darns, canals,

pipelines, locks, fishways and other works required for water
resource development.

B. MaterialsResearch to improve casting structural materials and
to develop new materials; subsurface exploration of foundations;
corrosion; etc.

C. Construction and operationResearch on efficient construction
methods, operating systems, and maintenance procedures.

IX. MANPOWER, GLINTS AND FACMMES
Trained manpower is an essential ingredient of research on water
resources and the planning and design of water development projects.
Category IX describes plans for support of education and training.
It also includes grant and contract programs for which advance
distribution to specific categories is impossible.
A. Education extramural -Support of education in water resources

at universities (not including research support under other
categories).

B. Education in -Rowe Government employee training programs,

C. Research facilitiesLaboratories, field stations, etc.
D. Grants, contract: and research art allotnientsAliottnents to

Univenity Water Resources Research Institutes under P.L. 88-
379; OWRR, HEW, NSF, CSRS, other patois which tan-

hot be distributed touter:eft In "dome.
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1441. lb. Slaa8*rd V.l.nsb.4 No.4.1 Iii 1001181 1011101104 101-

1110010 811.1410. by.l,oIra,4.. V.... loll.., 01*710.1
locIsly ol 61,11 ts4t.ssT&s$, tc., 4r11 1141.
(3-015-lu) -

01.80, $04.1, I. 3. 81.4.7., .14 V.ic.r I.. No.10
4441. 4210.11.. ii 11l418.10l 111.0.1*04 1104.1$,.. 10.,.11aIs

*4. .Uoc* .1 1.1*1 010.1.70.05 N4.w11r Ci..). V....
PI.1.0d1141, G..f.,.i. 11. II 10cIs .1 *1,r18.4 Tbosps
.5 IIr.142,v, V.Itu.*ty .1 1.... PTSI. (4-0*5-lu)

C..b... 11411. .04 51*ksi 1.. *015
1444. 044u1 .141,11.. .4 181.1,4.4 Ili .0.411.101.81.

lOIS 041.011 .1 Ilo.ds.1s1-'151u41.$ sl1.ctsrss Os ro.U.
ml 14-4501 44r..1I h5laosfJq Lskrs0* kp000, 01144-I)
CIst0: 1.1 11.11* I....,C10 55.5.118 $04.11, $0poz1ssa1 .1
CIvIl 1i$155u1M, 18. Uslvuilty .1 ....... *1011., Noy.
1*45. (5-015-rn)

01.14*4, l01rvl. 1., 14 1.11aa4 I. V...I..
1541. 11..s14tu ra4.q. 14 11. p.10.11*4. P15.5.104 s1 lb.

144$ Ms*.1 71*88414.4140 $00480.1 ks. M.rtus $c.iit
.1 4r&141l.nl k1a.si*, 150*411. 1.84*1.51,4711 1444.

p0410. (1414-VU) -

1011.14, N. 3.
1*0. 11. .1 v.31. si'S p110 1. Isólts 8545r4180.4 hi..ti... £1

.14-.rtl *7.15. P15.011.4 l8 lbs Rslcr..O1...1 Csst.r.soI
is *084 lasda 1. I 14..1r 11111. Tw.$.s. £848..., 1... II,
3104. (5-041 VU)

11101, 3. N, Sad 1. P. C1.5
1*04. 0.yms pr.4c114 14 1... IA a ..d.2 river. V.14.? UI 51(08*1.. 1 (.-34), J.41 1049. 51 p.... (1-044-lu)



16667. I. V., I. 4. NIlir. aid I. I. Casr,
2646. b.a&l 1616a9* i(ai1*I5u s* ,1.ir.*.l..sg. Na% at

..11a1d. (a a t1.v1.g sill.. T1666611166. M.11C.s 11<2117
*1 LrIa.1ia.s* 61$(.e.n. IICS)i 661-464. (4-001-Vu)

S0.ddluIai, £121. V.. adsu 4. 66rd, Jib. C. 0i.si. lid 66uiU
INS. LIli.iati .stb.di I 11151*9 14661.1 Il 666411

pll1*&ai .1 *.ri 1.1 r.*bat$s *0 Oh. CpHa.Za P*a..Uae.
6..rp 0 ca.r.1* WatIr lsaiarcu 1*1668661 1*1*1 TI<Li66
1a$U.( C.IZ.., Vii., 6iscarsu Iselsi, abbc<I. C1-0014U)

66412u166, 11*14 V., 61111*1 6. Ikid1 3465 C. 641*1. 1.1114 AiMs.,
*ad lbs.. L VivSla
2667. 641in16a a,ibil. .0 s115*01* c*Ir.* Ii fuss 0se14al

64*11<145 ii VIISIS III iSIIsri SI Oh. OpUali Ps..slai.
Pr414a1 lap.flss I.s.u46, 1.64.1 .0 411cl*1*p Tsu.
Z86s.Zutt-_1 C.Us khh.ck Va..*. ($4014I1

6616w. II, I., aid 6. 4. (tart
116$. dr.srq8 .alhutp by 41 11.2 sr. 3.66,01 ii *65

M, V*1s. 63. 1,. 613, p.e$q 630430.

4.1.6. P. 6., 6. 3. aibar
1.60. (01 *t6seaUu% .6w1.tl.i,f W'-d*sss.lcsal b.da..ul

ss.tivs-dhysfuss I. seU-1<asd ..Ii.xi... 11104Usd
s.d aicqo.d 0.. pbllssUss (a As lbjnws*6 Clip... .0
lb. ta1.1<tai4 40.0*2.114. 00* 'd*.s11 1.....ih. £yIIa,lq... iipat4qts.bir *646. (1-023-Ta.)

$.Isr, V. 1.,Jr., ill C. I. 1.1I651.I
1606. OpI1.*I.I6w at bINa65II 1UsIqi .7.1s.p £ riply III

ts.*.l 67$. P. 14<4*. *1*04.6 t*t.s Vita. 5591.
S.uazA. Vet.. A. *mb,r 6. pqs *363. (1-624-Ill)

11.141, V. 1., Jr. 1. V. Ii.lu., 4 C. 1. 661h13.r
1641. G.aie(11. prqrtqt .11 51151,111.0 1.c6st.a. Is, sil.r

11106666 1.5171(5. Tresuftip, V.a,tb Ls.e Lislic..
VIler LUoctall., Vi.11.s, Irs V.tt, 6664.6., 1161.
(4-412-Vu s.d 6-024-Ta.)

6651.. V1lsr 1.., s.d I. 3. Claba..
£666. i,rtcd .2a4.j.i.. it eU,ub.d. u.1a pbyelc.1 55*6

64rs.tI. 1IU1b C..gs.. .0 As lel.nai**..1 Lseoc*1<lls
*1.01,4. 1201., 3.71., kpI.46u 160.

VisA. Win., 1..
1666. 1.11116610.4 1.41.1. .U.cU 1.9 ..4 ls, Lsu1os.etP.pif yru..t.d leA. ra2qy LUlL., .0 16. 1.66116

6aI1.sd P.21 11.7*1 Pt 161 Mulsa* C.o$y11al 1.1..,
$1. Iraaiu.c,. 11.ca. 2666. (1-02*-VU)

W.rd. O..rli. 1. 3.14 C. al, 1111. V. *4d2asl.. uA

1666. *11.1.1*. .,1ld, .1 *l15i*1 cistrol I. isdoc. <bi.leat
p.tlltIa. of wiles. tsr tKIarJ. at lb. O$a1l..1. ?.i..l1...
91.3.11 C.,pl.tl.. Poporl, V.1.5 P01..sc.. .,1.r kpou
VIC46-4, Ta.0 T.c6.oltcaI C.1I.$., I.bbock. 4111 1141.
(1-007-VU)

VsrIj1DartaS I.. Md C. Ovi.a. 1211. V. 664114*1.. 1.4

. .s1h.d. *0 ss.plt. .114 la c.4.s eh.Ac.*
p.22.1*.. .1 .,ur. L.r rscMrp .1 *6. OplLal.. VI*-,.ligs.
P.qraI. I1o8I 11 PlyOrli a. 1.1.1116, 1.6.01 .1 &d.s.2-
is,., Ta... T.<bm.I*1c11 C.Uq., 1.66.16. (1-001-VU)

Wail. C. V., isa 3. 1. I.111s
1646. 641usd .0 .011 .1d.0 is 16. vIi..i.*, 1.7.1.11..

4s51l015S11 .1 (*114(5 1 16.1 pripInUa .4 1161.1.
6.OcsSll.7. .1 16* 16.2 CIIISS *505115114. 667.1.160
Caiuirisc.. 1AI. (3-00*-Ta.)

66.40, C. V.. sat 3. 1. 1<41*.
1666. 1.) £ P154 sO 916111*11 .r.p.Uas p.ssssa.i. seda.

jr.<4...s c.sdIlh..; a,*1.,t14* 111. TAll P1-sAl, 164$.
(1402-1*)

1646. 26) £ stal; *0 *Niut14l 51.7.45(8* 1.754a1566*5 .151
riiAsiie ci.dlt1..i, IV1*NIISS TV. ThU P1-2646, 1661.

(4-oil-Ta.)

Vu. tad $#ml.l1,
(6.6.1., .6. 1.
*646. 4 c.sttsis.. 66.04.11*1 .4.1*0 W1* b$iclqy. 66.6

IJ.c.rIst1.. *17*511151 .0 CivIl 1qLsss4.p, lb.
9110.66(17 .1 C... II 66.115. (S'Ll-Tn)

5,1.1
160. 6.5111.2 51.3.1155 51 5 5.158654 55 1 11555 1. sYs*l1

N.. .tf.ctait f1**11IICtilaIdllS I1160w*i 66
LL 165.14. P.r0.s.S it Clall 1.1.s4., 165 65yirsit,

I66stdi. 16._i I. --

1666. £ 0_iuIsi 1.716655 islis .65 IlSSl$11*Il 15.1'L. poe-.i*,su p866w. 0.6. 16.4*. f_i. hU ViLvszS*ty.
A&-Sll-t*6.sd,-424-VU)

1.

I.nU, 9(117 1.
160. 015* at asIA .04 .1.4 ts 5041.5511 s.s 1_is Its)

T14b511431411 C,*LSSS,

o.l.... iss,.. a.
130. Ibi 41.1,16*1*..1 p5.1*. .0117(4105.04*1056424*966

lb. has gMoaali. 41. *654.. Ii... T..6*1a$1..1
C.11.p, LuA.4. (1-404-ID)

Os.., Mi 61u1..
INS. k.lwILU. .1 soIsLUl ..s-c1.1c11 Ntb.ds sO

40.166*6* 11.7% lAss. 65.4613.611 MI. 14 (a
Ti... T.cb.,1u.1ts2 C4hp, (66116, 41 p.s...

P.6*14.61..

Iu, issy 6., 1. 3. 9.41661341.. 0. P.46*ld
1646. IlaIlsiAtp bar... OutsIs Islet .IHIJ I,cls(i uI lb.

661266150 51 slisO*.i crap s.d 4.5.66110% (1.5 04
La IN tap. ((sir. Sitar Iu.cb. 1. plsu.

liii., Guy 6. .04 346. 4. 1.4644
264$. P1.a1 bss.4 4.11.114.6 basIl. c.s..fty i.y.Ai51l

1* 165 L.15 0151. ISISIMIISSII 3as,.1 Il 0c.asosIi6*qud Uao1. 1. pr... Ie1 164$. (4-003-91*)

ltid1.y, 11 I. .54 J.a. P. C.d.t
1666. lb. 665.4.11. SI wit., .l14c.t Ii. (a 91.1.-a. Iip.l-.utp.t

66417.6.. *6666,41 lapi.l. 611.01 .1 T.s.seke 1.4 *5.1.6..
luurcb, lsIvu.fty it 8*6. U pq.i. (1-004-91*)

CI$., 0.2.1. 0., Iat1.11 C. 3..... s.d Jaw 6111as
1667. C..J_it(aa ..i of surface eat psi.dassr. Pr.cs.dl$i *1

i*upe.1. is Cl..,dwsI.i 9i.s1s_il ii Liii P..t.., 0.rcb
*647, OlIti $1.1. IlsIv.rslly. iqo. SI-N. (1-02.2-01*)

hut, C. I., 3. 6. Icb.11. aid 9, 1. C.tlbslp
941. Csets.1lt. Vitar ii. by sap.s .416 pbl.ylais.ds alsta.a.

Trail. Liii. 1wpby.. lieu. 46169. (A-004-UUl)

0*51.7, 1. 1. uI P. 1. 6.6.11.
1669. lb. n1.. .1 vii.: 1* cuylIz.01a!y *34.ilry o6.a...

P...silcb 6.1.51. hub 61.14 li51v.rs117. *5 pUll.

6166,, 4. 1..
1667. Cs*Nc1<Iv. 111.4.11.0 .Y.,MSI Ii. 10 11*6 .4.110...

l...ar,b upon. 111.1 V.liI Iu..6cb L.b.rutvy, 91*6 Ital.
66.W.1.11y. 62 pq.,. (I-o01-utA1)

Jrnsos. I, V. 0. 1. *.bdr.f1, 6. 1, 666.,, 6. 1. S64p,bo., uI
3.y II. IqIiy
164$. l4re1q1c Mlii .0 8.6. 1116 1.1.1 65.4.86 1.6.1511<1,

VIA 51*1. Nhsrslty. Pqu laG 306.
9.rir, A, 3. m.d Job. 0. 6.46.11
£666. Cr... p.1.117 pr4.ctivfty s._is..s1l. 34.511* .1 U.-

..l.y lad 0c.a..%r.pby. 1.511<.. (A-00)-VfAI)

IU1Lqa. 3.s.1.
946. Cpll04*1a 1.1*1*1111. 5s55* $rS.t.l 1.4 *661*41 Islet.

I.pon 66. P146643-IT 1.1*6 411*1 k..liA 1.301.1.17, 91.6
11.1. 66tv.iel17. *4 p..... cs-ou-vt*6)

$u.y.u, V. V. aid .6. P. 01Iey
*604. $p11t.1Io. .1 u .1si1r.a14 ...1a c.tsr 15 IN s,sl.s-

1166 .1 11.. .11.41. .1 .ñ..1i.1l.. 45 lb. rvi.1t cUr.-
1.12,1145.1 1.1*1 *51514141. 96615111.7$ it 161 PsirIb
*6611111 V.111 65.0*1111 C.sf.s.c.. 1<4ss 260, Pw V.A.
P.. V.A. (1-066-01*)

1.1.766., V. V. .13. P. ((lay
1941. 4I1cat1aiSI a SlilhlSiAl.si*4.Asl.t.1 15 lb. .5.1.,-

11. sf lb. sU.cli .1 vtbs.tutt.. ii lbs r,.SIl 46,*.c-
Ur14ttc. .1 sI* VIts,i65l.. P46*11*11.. Ii, Iatuu.itsesl
AlI.ct*I14s 166 lctIslIItl lrill., OultarSIly .1 Lilils..
Ps.0 3$-Al. (l-0*3-VtaI)

91*61.1<1,5. I.
150. *61*147 .1 a1*Scl.4 .raii Its, lips Paid Is ly.. a

.0.111,. lid VU s.$tivs c.lti. 1.166,16 1q58. hill
61*1. 662vin147. (A-V03-UTAØ

liliy, 3. P. 1.1 . V. IlrpvS Iu.yul
166$. P51stlnj 1,0 gs.Sf .b.,.cIs,toIloa 4 mu sit.. wIsrilid by

s... 1 a IUS2* 0.17*51. Pr.sssUq. sO s .pscl11
1.cl.r. *4.. is As .lIas. 00 .,*.eAs4 .6.66.. se itrs66.
01w, 66**s 164$, 66k.n1y at Tsems. (1413-01.L6)

iqlwd V. Vy I. Vilbar, 66.66l. Ii46(q s.d U.$
*60. Ur1y.la .4 ss*3.1 wit.. si,s.-* liusIHs. I. 1844.11.

d*.l,1l.tI.. ly.ls.. k.ur46 k3-q* I.. 91-46 $3-I, 9146
S 6461114.7,6146 Stall lstv.rplly. 1.71112



1. 1. 1.4 4. 1. Mar
1'.47. 0alIniSta p.1.1 oI&da Is Utah hj prIli0 p.scs.s*

..aly.3., k.,inh kpofl. Utah 0.0., I.ursnb I.bers04,3,
040 01.0. 0itc,si1. U) pqss. (4-000-UTah).

Vr41r0.s, U. U. and U. P. C.rdaii
1140. ftadacIIvIIp .1 w.l.r II 01.4 .Irtcvil.r.. l.s.arot lipId.

Utah 11.0. Nlv.raIi. Is puss. (1-COP-viAl)

aid Th114.

1.1110 Ja.0 P.v04s
001. A op.u$vm$ aidil .1 ib. 1.. Pitcb hair lid.. NJ. Ihh.

Utah Its:. U.IYerIily. 304 p.as. (I-lU-ViAl)

15.1., 0.17 U.
1041. P101117 7145.0041 of 04ur10I1ss pr.dvctia. is lb. 1.51.

Lcaa 111.1. ?hJ. 044001. Uiab Stat. U.Lur.0t.
(4-003-ViAl)

0001. 0. ils0 51 IttI rai*h and shasob alsspsa.4 Si44.r.t11
Li faIpilli 12 inbihIl.,. and .p.tIftq 11.34111. LI.

144.04. Utah SOil. Us1v,r,0t. (4-003-VIAl)

Is...,
1107. OrdLiatias .1 b.suhlt 4.vurlsbr.I. csitl.s (a Sill 1.14.

Ph.D. dIss.ft.1Im.. Utah Stat. liIvs:fy. (1010-ViAl)

0.1.15... 0.511. C.
1167. Tb. edict. .1 11. pscbo-*otLiI aid (it .41.1(07 .1

trrO$.tIo. tss..r.' bIticd41 and 1.0.110.. r.I.*t.4 to t'stst
r.s.urcu. III. 014.04. Utah Slits Uia.reiI. (4-001-
.141)

611014$., Jail 1.
*107. 8111141. 0.41.14 vat., tucuroe dsa.l.p.euS, iii, and camlill

m.d lbs rural-aba. dUiir..tj.I 4, lbs Si.., P4's, kiln.
PhI 44.,,rtalt.s. Utah Itats Uud,arll. (4-001-ViAl)

Cr111 Is. lii 1.
1947. 4 p4asa1lcb Ir..cb.1. 1(11., 051 sii in II. t .1 1w-

inrol ictasetly 4.1. lii. sot... LI. th..04, Utah Stall
Um1v.Tstl. (A-00l-47141)

1211. 0. 1.. J. 0. Ichs)O. solO. I. C.ltharp
1100. tta.I..iIton .0 IIi bdr.lohlc-oca.ailc lb., syslas. lhJ

dOnut... V1.b 11.101 V.tv.l,41p. (4-004-ViAl)

(ash, 'a'..T
1940. O,.IacluLs.1I.s .1 I 1tl7 .1 bacisrotdi. It... 11.sstu.

Ulib $1.1. 0.1v5Ts107. (4-003-ViAL)

Pncka. Ngrlaid I.tIll. IIauuJ.aU.5 51 11. hy4r.ltl .crim.&c tic., syuIas. lh.D
41..sglatt... Utah 011tI IMLiarolty. (I-Ill-ViAl)

54th. 0.l'uii-Aih
1001. A 41400.3 11.51.1 5.0.1 iI$MIic 10.1 LKTI*istS 'M'(S

.140 pwr. 5.1. Oh.sta. Utah Slats Vslnr.tIy.
(4-002-VmS)

kU!
01.10., 1. U., lad J04. I. Libb.,
lul. P1ac*iIlauos is 0.0.. Chm.s1., 1.5.8.1 A 50.101 *1 di.-

solvd stairals. Vtrh. laliriat. Soc. LtLOl., TIJISS II.
Pa pret.. (A-COP-TI)

IAal,AlIcaI.,ud 5. 1. 1.sia.
1$S. 1111,0 ioltat.tatlssa.d 551., p107111*01 *44. Qasplala.

Pa, OaU.b.sh 1 3.14 (acirsIm.,, I. V. 1als G.o1.04i.3
Auoct.tlm., 41.1 An.. 1s.t1.i 31-3). (8-001-VT)

Polish, N., 5. 1. Pa..rg. .14 S. I. kia.s
040. (a) il4C1IniUtt4l .1 55151 500415 .0 1.4. ptaia. 18th.

1,0. 141. Lt...I., Total 17 a piass. (4401-TI)

P.t.A. II. 0. 1. $.e.Siar, m.d I. 1. 155...
0040. (4) Pq11ItU nyu.. chai.. .2.110.1.4 vitA s1111 505f

Isis. 1,0. Lasoc. Ito. 1.44. las., Pr.a. liii, C.c.1. Cit.
ink.. ha., 1901 lU-ITO. (4-001-VT)

Vasr, V. 0h0141
0144. ibm LaI. ?1s&.toc. .0th. O.a,*1.Oa Tallay, Vaasetj 1.1

So, liii $1.1. Ct.1.1a3 A.s,cO.tl., 0.il.bioI, pp. 41-79.
(4-004-rn

7.44..., lsvtd C.
1040. P.rlaa.1a.s.. 0111r.t041l A. 10.. (4...1a04. LI. Thaut.,

t.lv.r.lIy 04 Vals.t. (0.403-TI)

11541. flasu I.
1544. A ,e-ol lb. ua.c.a1 .h'mdaics aid dijtnbs$&.. .1

C.Iai.14 1*71714. ii 141atai Sip, laM (4plala.
v.sa1. r..I. Thislu. 1.tvsi.t1; IS V.n.,S, ls,mn..4 .1
Iad.y. (4-001#fl

Paul. Cut V.
loll. 44. lb1t.ss.*da. 04 IN .Asps'ts sO kA. Chaplin.

Uspalt, 31.1. Th.aia, T4ysrII1i .4 Va.a1, 1.71111.5414i..lqi. (4-001-fl)

Piblitattisi
hard, J. 0,, 1. 1. U.liu, is4 I. I. 1,104.
1040. iba 0.1*..ac. Ii 1.141 ,MS..l*au 151 0.104.1. 05 VItal

rapors*Is.. 1.11.11, 30. VaV Susie.. lsm.aitb C..tsr.
Vi prseI, (4-00-VA)

10071'. 37151
100. ..8aLi e..tub sO r.id.11-c.a.ft ul.hiis. tills lab

10.14 5504uhsd, Psln.hi aid Wtba 011.1105. VIr*ida.
1.304104 13. 0,11. Manv,.n haa.,rch CalsI. is pta...
(4-004-VA)

0.04.1, 7. 1., 7. 1. hard, m.d 1. 1. lb....
3100. W.1.t .1spsciIIo, .sppr...t.s. 1.11.00. 31. 0.0.1 I..,at..

I.ssrch list.,, in 01151. (A-oIl-TA)

Liii, Paul L, 1. I. 1.4, Pisir. I. Von.., m.d C)Uftcd V. P.,a4oU
1501. Nst!Lbat..s .1 p..tisUss 4. .vrhc. wIns. J.uad s0

oh. Ss.rita Vats, TorI. AaaucI.tt... Vita. 00. 1. pr...
(4-013-00

Kt.app, John I. and 0. 3. lava
110. Pr.dtrtt.a p.4.1. 15* 0nvs.l.1 I. urban 4T1&I.Is syt.

Salt.1Is 34. V.1st I...urc.. Iasurth Castu. Zn pus..
(*414-08)

iAulcbkdI, Uchard 1. aid hickud I. Nosabatuu
1040. Gs..uUs.d initial 14.4(010.2 1.r lbs 04c4..tit .04.1 Sw

p.11.ttai sod diss.04id sayp. 0. atrs. 1.01.1*. 32.
i.t.r laioacc.s S..iuck Cast.,. I. puss.. (4-013-TA)

Itolatce, P. 1.. 1. 0. Slant.., sad P..t I, liii
1041. Ia,Dv.1 .4 8..ph.1. Or.. ..1attsr sltliaing s c.d 10.1411

precw. (44401511). Jsarsst .5th 1115041* M14..p .0
$ci.p.s. Vsl II, pq. 104. (A-OIl-TA)

P.30, SIsanl I. aid 0.sas $1wta.
1101. Tb. .ltscl. sO p.apsd 51.124. rasiovat, .p.raIlas as lii-

1051.111 pFOJoct*VIOp 11.4 55051 p*bt0y. 1.11.104 31.
0.041 1,00.01.1 1.ae.ch lists,. yt +47 ya.a. (A-Ill-VA)

ht.hslsss. U. I.
150. l.aaartb .5 tr.a0.s,0 .1 4. sat... Jairpal .1 Ma,10u

Lasactitlisol hUh Qnd.1. sad Coincist. T.Iai. Z.
paISl 179-304. (*411.04)

Itilcb.1l. hLchAsd 0.
1044. VanIsh.. La 14. h1isi, i.41bIis .aspiu m.d it. Li.-

.oaiut lpUtca.c.. 0.10.rallp .1 Cdilon,i. Public.lios
in 100.17. V.)... 43, 41 pap.. (4-001-VA)

PbtIpol, Js.lia V. aid P.Lchard I. hc.tchk(t
3000. PisbibItIty f.roc.st. .1 10-4.3 pr.cIpllatta. 1.14.01. 20.

0.1.1 Iip.uic.. 15a.a4 Cast.,. 1 4 343 p.s...

1,14.11 C.V..I.1.lskbsi,.MV,U.11i
0740. .cts1s 14.1 0*1110 41011.0.4 3.d. pb..404s ul..se.

pn.141ap, 1*5th Amas.1 r1tm. 0a11 Isausles. A.ancia-
tics Cm.0,uac.. Is p-Taa (4-401-VA)

1.54.11, C. V.. I. 0, V.rs14lI, ab P. I. liii
050. Pbe.l'0. uha.. 0. 14. .ctIvst.d 51.458 pr.c.u. (*kur.ct)

P1*1114*141 0 109 51.154 0.tiaaiI 0.sp0.1is ii la.IIu,
t..stit I.asugb Dsnh.sasl ab lisLim.. .4111, Cocalt

U.lasr'ily. Asly, 1100. (4.414-VA)

514sb.11a, 7. 0. sod 7. 1. koIsrI
0540. Jasarical .s,st*asst. ,4th Oh. $Im14.,d ..tai.h.d .54.1 ai

aai31 a4sL.A)ton) wosrah.4. is U114a. Pis1.sdiaa
4404 Aa1 Csov.s0i, Aa..daO*...1 Soul).,. dpIc.ilsul
Voct.v.. 1. pro... (A-OIl-VA)

,anMlt. L 0, pd 7, 5. UUarI
1740, (s TiU. spIt.. .11.11. 05 tt u.s .1hii0oso. Pr.-

esodir 1001 A.1 C.snst Is,. Au.ctalO.0 .1 kstb.a
MT(caIl.uh V.cb.rs. I. pius. (4-011-VA)

170. (4) OW..s. spit.. silsoh. is ,sl.1 .14 slltct.scy. J.urul
.1 5.14 ab 1041.1 C.naus.tl.s. 0* pTsO.. (*-01$.T8)

V.1k.r, Ililta 1..
1501. (.) Valsi ,ua....s rsm.orcb iatsrs*.ts 1. 14. c.I1au ab

.sIvsiO4lt. of 11.51*14. 1510411. *1, 0.1,, las.s,*c..
kKUoAt.si.r. 4Ppam..
(4) 15th isesisas. rm...roh iaVIrlaLa. 1.11.11* II.
VitAl 151.41114 I.ss.zah C.sO.r. 00 pspa.

1*. AnocttaaIi.. .1 sal.st.r.lsi .04. 1* 104.4 pisli .a.oassau.
£041, 7141.5114 VII.. Pissà1'a cad I. p.*a.
(A-IN-VA)

Villas, Vllltm. I. s.d 0.11.11.1.
1044. 0.1.1 141s411i I Ii V(rida. 1510.0*. 7. Vitsi

318 pm.anrsis I..ucoh CostA?. , Il3pas.. (4-000-VA)



14.11.', 1. I.
144$. lb. Sill.... *5 salt co4I.U.. ,illst$..cs.' *0101

,,i?.,Jllo0. LI. Ibiols. 104..r.iI, of 01151.15.
4? ps.'. (A-lIP-VA)

1*04. 0. 1.
10$. 0.cp1.4s104. wkslad ki$1t4 os vetoa. coat..

LI. lbs. 11155510 ?0l7t.dI.1. 1.1155.10. 40 pis.'.

55410-NA)

Nu04.fl. 5. V.
PHI. Ibm I ill.. ,f CI? Si IIIbiØ..ibats omluss by uS$v.I.4

0204$.. LI. Ibast.. V55to1. P,1tNM4I hallit..
1.1 p04.5. (A-Old-VA.

OcCeIct.., Iyoa
J$P. lb. 404.tsla.t ka .4 4UI,d.. coaflktotj I.' otobas

di.'14. isA aop to vslu .''s s m1*sc.si ltpU
.boa,pUis ,5par*is.. 1.5. Ibitm. Ill pops. (A O5$-T)

V.4.5cm. I. P.
*945. 11.I .14 it 115111 p1.i.$it. .4.'IPI*.S 0540.1. MI.

fish. 01151.10 Peiytcbilc lutliHa. fl 10455.

lIsHb4tla, 414514 5,
154$. Tb. .oa .1 $011lAtlil 15111.1 10adllloam 5.' m slsIlictcsl

000lpIli 04 041.05 ioUitis.. L.t. lout.. lirpUle
P.11i.c1.Ma bullIsh. 447 pus.. (A-Ill-IA)

lb..'.. 4. 0.
2044. PriAtcilos mt an. trust.' e1.,asjk sas.la,r.. LI. fist.,

Delv.r.IIp .5 Vltptala, 44 p.s.'. (4-014-VA)

Lou.., P. I.
*045. P,r.tblos blob, 1. coal ,.s,.0 pe,c.'m. i$. Th.,t.

VIri.to P,tytscMui b..tic.I.. 7? piu. (010-VA)

p0411.041...

Criabp, 3.... 11. III. P. '.. 341,1... C. I. kilo, M. I. ?.,.t..
$41. $harliIIa .1 pal10Ialli 1. m 411.111 ..tw'ib ..v4f.05o.I.

Vat..c tu01.c40 i.surcb, 5.1.'. 4, i,.r S, pm5 1000-
1114. (I-SOS-LoU)

2101, I. V.
1440. Ibm (.1515 topic1 .1 10.4 IsloalYp mit. is 11.. HIll V11IL11

II Ibm 11.1. .1 Wa041.a10.. VITU. to pr... (5.4..2-IiAIl)

XAI?J54 PlHofc$(j054

libmuis... SHall Lot
1970. Iactortal .ci1c.f ibm Ipobote Ilsar. PbS Ibi.ti.

VubIrilso 11111 Uit.srihtp. (s-SOS-Loll)

141111$, I. V.
143$. 00,5.11? t.,s.10IM .ao..1 sIrn.t Is. .polbmals. LI.

14*015. VihirulIp .4 L&gaIe.. (A.0)0-0.lI)

00v..', V. 3.
1444. Ic,,ihs?qbt. c.04y.1 01 $T ws1.e1 Ibi.u44 144.0. 0.1204

LI. AIJssriiitia. VubI.1.s 11.1. U*tVsrslIy. (1-004.51405)

kisir. 0.*5d P.
1444. L(.'dl ol jib. *0101 .' Suc10rSil Vsttb HA .sevtnl.

11.1. Ibmits. V.11.,. VslbI.$... 1101. C.11s$.. (1-011-5141*)

HotVtIIt&

Cr.(coa. C. 4.. o44 V. 5. PIcb.cuo.
$94',. 1.11..e., .1 I.pcapbp a. ui.10U 1. list VtgIs15. Vol.,

t.uarcb 21.0111.1e1.11s11. 1. I. pin. (4.004-WA)

11.1st,, 5, C., sad I. 4. VIII...
1409. I,r,hvil .04 icitohIp Dl 5.004. .lcrsorpsli.' (5 5114 sIam

*04.'. Vat,, 00541114 1a111,1. ?..issrd.l.port 1. 30 p.44..
(A-0OWA)

loan'
C*pl., 0.111 1.
144$, L usI.cSla. 10, 1r.'.'.cy ...1711s 05 rHall 4aI.

I ,.4. dh..ijsItas. Hit VL,('3. Silv.rilcy. 2?? p..'.

5.17145.., SW. A.
LW). b.pitlHaptrsttr. ot 5 buctlos .5 tr.t.tcot tesAttI.'.

.54 sill sol.r. PbS. d1s.irislbu, List NtriUIa VItiscolip.
11 pops. (4-043-WA)

nose.. N. $.mst4,
194$. Vml1.Iir p'&.I.sco. ibiap. .'Jsr liv tin.. sIr... 4.

Pt P lLu*rt.$tos. fit 0hIa2.
f?M tpjp.. (4-013-WA)

319

1,

$1arb., J.i14 P.
1044. load hoISt. .5 (5.4 leo.,) 5. sell

p.11,1.4 vol., I ros riVAl 01151.1.. MI, ib..t.,
W,g VIrpLpIa Uslv.r.ftp. 44 Poiss. CA-01-?'VV*)

Pies, 5141.' 3.
394$. IsaIclip .5 5.14 VItO Will? II 100 iptcl.i .1 s.'11sb.

LI. Iba.1i, V.01 Vt,t.l. VilvsI.11j. 104 pq.i.
(4401-VIA)

5.tik, L1cIs.' 3.
$41. 15.4 dI.lrlbiei.. d o44 4a. p.UssS.. 5. 14. Hse.a4.XO

54,.r 0.1. ii.' 51 Weot 14rtsPm. 1.1. th.'I. Viii V551sts
VsIt,r.iiy. Sdpopo. (4.001-WA)

5.lmtcb. 0. 4., 3. V. brIe. 054 4. 4. 5.1..!.
*049. ms1c.1 vita, 4.41(1.7 i.lv.7 VI Ibm s*thca *5*010 .1 lb.

loSs Into I1vi .14 II. V.t.r.b*4, VhstsaiI.
?'lb.lsiy 1, 1aM $l.par$oT. Import 5.. 5. C..1.r hr
11.te.HaMsb 01.4*,., Vt.'55155 91.118 D.iv.rs1t, 1040,1ol
Vt.cs.Us. Pn11n1,4 1., pubUcol10. to Pr.c..dlaps .1 $1t
Cset.ruc. a. croti 1.1.45 l..0ucA.

krrt., I. I.
*94g. V.uv,.ost of b1.1oIci1 'I (1.411.., P0401 pa.1.d Si

$.i10 51 1)?., $10,414 ?;s4..'tu, L.alqrad, t.uIa,
lIay 2?-)), 1949. Ii pius. CI.O2O.Vll)

till. 3. N., sod N. N. billy.
1941. 005 usa oh ..tl cop. to lb. dolloasitos .1 Ii..4 pl.ise.

VIler So.eufii.' 10*s.rct, 74. 4, Is. 1, pp. 173".
(5-00*-idA)

1.sady, C. 0.17,4. tour.! c.n.'U 1. VIrattU.4 H.'. ?q.t p,us.'04 as
1ltss1 Cpb.1ca1 C.11oq.l*0, Ma Arbor. lItcbipa,
ISay 010. lW). 2. pub. (1-000-El)

PeNt...., 5.44 V.
no tmruc wsg04.ct.. .1 04. Scol. II.., 53.1. Vbr..'1a,
TrIbutary I. lit. lepoitor. Pqir pr..aot.d bet,,. IlIas.sol.

,? 5.1..,., 1157 3. 144). (4-023-5511)

Dsy. lobi C.
1949. 4. 1.11,11, .ulsi.. .1 las10tr.cIo?sl flood plato ..r.ap..a1

a1toeuUv.i. t.ebticil 5.4011, 0s1v045117 of 41,ceaa1..
0.41.0.. 045.5.41.. 111 PU. (4-002411)

5dckai, A. I., sad Psi! . 1411.50.

1049. borloac. .111.. loIs Irol. ill., I. rNoal sadtoaotaitos
IlsIsiy oh 0..l.ri 1.1.a irp.?1t. 10.101 1.1 V.vIr.n.sllt
11,41.., WIscaisis 1111. UoSv*rstl7, l'p.rSsr, V1.coa.I..
ImpOrt 5.. 5. (A-Ill-Ills)

Psi, tnv2..s 1., 1.', C.i.', I. C. 1.111., aol?. It.s. unIt.
494$. A1sh1r.ltoa .1 L.1.lIall001'. hymn. Pn.s.oi.4 51 Ibm

1)511.4 5.11500 PS..! it Imp.5I' so lipi sod 11s(tt.Ils.4l
5.1., lo...?.l, P.'e!op.ril. I4*.., 9-14, 1HI,Yl.n..,

AsatrIa. 27 $as. Valor 5.50010.5 Ciii., pip04.

I... 1rv1. N.
104$. 1.11.1.. tor hhclftu .it sC000stc ooatd1 if II ,salroa

east. PnssHa,4 51 lb. Enruttie N.s*$1 Pupal.
P4ru.,y 7-P, 2)44, V..bIl$.l, P.C. VII.? lap.'....
Cialli pi?m,.

Pot, lrvI*$ 1..
1)44. (.3 lou 904555.01 aspicls of 5,15. scat. 1s1sr45.1.

tniue1.rs, Pr.s.stmd *1 lbs 4.li.s1 $1111.5 .1 lbs
M.rlcao MsocI.t1.a for Ii; ?,?,Ptc.'ni .1 klsus..
4.11... luau, 4..sáot 10, 1954 0.1., 3.,oariu
t%.1 40401.

194$, (1.) Sl,.taitc cu14.nIIo.a Ii 111.1.104 iil.l 1005t401
ploulol poll. 01.1 ,5wasa1 CosfONsca .5 1*i Vale,
P,II.itoa C,aI,.I ?adaulloe. tolca$s. 21110.1.,
1eptar 10, 194$. Vol.1 55.0.14*0 1051Sf p04.1.

Ias14, A. P., N. ?.rt.pcbI amA Sib?. Wall.
490. 51.194114 sspoca. ol aolsoçthcstIs. 11 I.b.m 4.55.4.,

Cr401.1, THaI, ao4 Cr.. Vil.? 15.0Sf lea Cat.'
Import. V.t.'r.lty of Vlscoasta, ltsd1.51. 34 pm4.m.
(A410.4Il5)

ltgt.s, 4. 0., HAP. a. i144asy*.
1944. P.alsUy 4n.Pu. (a a .'smaIls.A, 100-dtaHaLas aq.5I.t.

P0401 praa05ISl at lb. 1.101 5.5*51..' 15l4aa.tIa $101104,
rlc.a S.'Ist, .0 CivIl 5.1...,., 5. 0n1., Ia.LsIi.a.

10410.47 1002. Vii.' 5.05*1cm. C.al.t pq.r. 40 p.4mm.

(4-01*411)

00.901, . 2.
1000. 14.4*1.01 cS,ic,2041.s Sal fl-2q.' lit.. P.p.r pa.-

s..104 51 15,051k b.1*..i! 7.11 0111104 .4 M.rtsm. Isp-
styslisI VII.., 1.0 P,ctsia, C.111.nts loc,4as 194$.
Valor 55.5*01.5 Coolly 704*1. (5-009-Vhl



1.1,1.40. .V* i... vwt. A. £.I,IIb.
IW.A. (s.Vaf IlsV .b71If ftq.t,.s001i. fifir pr..itAsl ii lb.

pd4haI 00.1sf. krf.e n AdAloni S. Vats? Q..Ittp Xqn'.-
'aol .1at tad t00*isl Prss.s00o ii tI. 10to.u.17 t
.5.4 *1 4iast1u. Maf Ii. 210$. vat., t.HuN. Costs?

i'a10'. PA psi...

V.srod. I. s.. 1. 0, P1...k. 540, S1srl.
2+41. La £.prrnd 0010.1 f.I iii .4iisll.s .1 .rp.itblidai

mad .risaoØ *7IS f.aittIddi. ft.. fib. v.1*r. 4.11701.
4.Iosi II. P0. 1.101. (141A-1012

l.*IJ, 5;.. ud friti t*i00.
1,4'. fbi .4.sr.d auttt' if tlI'.i.Ili liy$ a aim ía

*.fl.yUt.ttOi. Mantis vLil.M P.ts,'lt.S. $1i'))-M4.
0.I.rsIt ml O Pisis. (0415-iTs)

ilimbill, $ial, 4. Starr Itchola u 2 $. .
INS. Phil .,tdosi. 4, bits firs if .lte I, 0101b.SO1OA

W$,cs.iL.. Vito, floors. l..rtb, Vi1.ms 5, P.sb.r A.
P$500 704-il).

Plisibs, S., ..4 I. 5. P.Ikovlbl.
1042. tJ ISNIl.. .1 itthitsS Iudi smc.s4.ry sHiusat. tbr.o.sh

tbtitiit4 b.di. VaTs, 10000t511 CostII
I.c4.1t11 lapin ValvitsIly of IPTiCIuII, Pladiso..
At psios. (A-OOi'.4fl0)

SooMa7st. 7. 1.., sd V. 4. Ibirsy.
110$. u..,u s.co.V4,.d griisdaoar fbi, t.varA a ioU.

lucIdly Caaf.ii.1?, 4.utcaI Iccisty if CitIl laata.orl,
10o12s, Litton. IoonItr 110$. Wit., kaursaa baton
pap.,. iS pq... (1-021-ill)

$Nlaad, 1. 5.. 0.. i1ofI 0*40. I. Ls.
£044. fln.Lith. .1 t-$$C 4, .tislst.4 1,4. la$0004s.ota as

by ..utfa.. J.vraaZ .5 Valor P.UolLoi Cootril
T,..,ottos. Volta. 42, I0.y Lao.., Put l*i174410.
(I-0lIVU)

Ploab,. I. 0., 014 ...
210$. '*ie'als,lIao ad i,iisStbl.rjli La...lit4s. La 0001. .11

.at.ia. loll fit. lot. fain. 7*1.00(1*5. bZ,740-7U.

Pakiab, 5.4 tiw a. I. Wirflo, Jr.
1041. hoitaIr tacisthyfi .54 i.t.T sIlly ..sqsssot prapx..o.

£alo.rcb 05,0.1 Ii'. 40. ilvL.I*i if Io+4r,oa.std Ir+4.tIIos.
Dsputaoot ad P.l.iil i.00ucs.. list, .0 Vt.coosl., Win
Ouovfl.s Coat.n, UdoertIly .1 IfluonLa, 11.41$... 75 pqss.

VtlUon. J. D. 1.. 1. 0. ipIti. I. P. San,!.. .04 P. t. o.1tsq.
116$. M.orpttos asd 4..o,pttoa .1 laoipaLc $a.pboni by lati

ia a 0.) S.d .y,ita. Vat., laonrcsa C..sP
pap.r. l..baIlr4 to lovt,von.til. kt.,ma .ad T.c4.01*57.
(5-022-in)

v*1pl.ai, . a. a.. 1. :. 571ri, P. 1. A'asuos, S. V. lardS,
a.d 0. 0. $pynllibh.

LOts. (a) ?,utLositl.. if t.orpw.Lc P 1. lob. ,,dfao.110 7.
rab.....4 ,...rpot.aoSV dsd. tratdoaat*N.
iii. $.,oi.rc.i Casts, pap.,. $lb.L1t.4 to hail.
Ctsas.$t. (1-020-us)

LOIS. (b) Vr.ctl..itLo. .1 1001110±1 P La 1ko .541*15111 U.
(ii.. mad .w.ats .0 +sonp.oIc P. i.t.t 10.05,100

C.st.r pip.,. 5,41111.4 1 flail. Ocsaoo$r.

011.1. 0. A.. 1. icdoy. 0. 1. Atlas, 0.. J. ?.ikovibt, .4
I. P. Crabirsi.

1112. lbS .LI18$S5 cytla La osrf.cs .51 obs.dac. vt.i.. but
i.so,.reis Csate, loptit, Ustv.ntly f V1.cio.La, 11.41,0,.
AS papas. (l-0045102

Lyasa. itl.. 1.
1241. Tb. .o.stll.tfooaUty if afilosot ibar$.i. ILJO. IOuLP.

l*lvsrotly of Wt.c..ala. 0441..., VLac..ala. 250 piM.
(A-tIfl-0U)

bo.shot. Jar. V.
1211. 3I.rbod. P.r b.rv..l*I. a, costrit .1 510.1±. p1t..

'0.0. ibuL.. Ifilsiritty of VUcait.. lta4±soa, Vt.coo.1$.
1) papa.. (1-012411)

ir.Zat,4. I.. V.
1%S. TI. adas,plIss aM agts4stios .7 Lsa.c+1.'d.a by lab.

0041*0510. PbS. 11,0310. 10IY.T.ItI of VfscNoIa.
0,4±..., VLac..ilU. 22 pipu. (1-421-4111)

Ilasy. Stills I.
1141. ?byisphaktia Jya.4 .4 pioduAtivIty 1. a oballsu

b151117 .utroØIc Zak.. 15.1. tb..ls. Uitrinttp of
VI.cs..1.. PtiIv..k.., VbcoSala. 122 pap.. (64U.Ofll)

75.001, 00$.rt L
1.245. 1.i1$attá .0 Stud p1.0. 4.11ao.ik.I bmi.A am ..11 sap.

si lb. T.,tl. CINk is4 Ilck.p.. shot iat.rabMi,
lItuon.t.. LI. lbs.La, Pitvaiilty .1 Vt.ca.aLa, P2.44,...

WIltbut.. 57 paul. (1-402-ill) 1

2 '

Ikul1a.a

Po±iia Pib.rl I., .4 V. 1.. tails..
1105. lo.p.tnonpt,olLos .4 a*cro.J5.mti .1 Irdptol onI.Iw.4 U.2fa osOt btb dilirl. eoadtltias. tvatatlai,

MarIon kct.ty of 4st4,11'.orab fkfa.5n. VIlai 22,
1., papao lU-lU, 125. 14400.240)

ras, VIlila 1., 1..a 0.. long., .04 Vial * ft.ob.,4
(C.apllst,).

INS. C.spotsrlgod yiita fit Vpas5.5 itadsis i.ist ricotli.
V.201 1a.istc.s lorIs, So. 11. P*1nas.4. lolicrifty .0
Io11.. I'a.a L±14600-21. (A-GAImO)

0.110. ladAsy C., tad Willard P. Idols.
0107. kg.os&. Wio* N Nit2.iitlti V)a.±as .1 rauuli..Ifl.

,La*tlai VI.(.i f.,$. Murstr. L$rltalIital Iqsrl.w4
01.11.. lmnarob Marual II. t0.lnriity .1 Is±ip. 14
Pal... (A-4o.vTo)

$ooloul, Post 6., .4 l$oh.nd SoqSt.t.. (C.10uon).
1044. GIg.,.,7 of salitIsA byln.laph ton.. yuan fboonol
Sm- 1-trIp. $0. 1. Pr.gmd. i'slv.r.ttyi. W.ad.i. Pauu
*1.54 1+4). CA-COl-ilo)
ISIS.

l.d.ud, Pail A.
1041. Vol., rosa..,. .b.sr,ohny dlau.lostctl 4.1. - isis? 1I

1041. Wet., $.as.,c.. Out., a.. II. Pioc.o..4. WLvu+4ty
of byiaII$. tap.. iSSI. CA-00Z-Vlu)

1.145. Vat., nasa,,., sbur,au,ry tlfiats2.ttsl 4.1. i.t.t ysar
1545. Vito. Sassors. lid., 5.. 14. Ia pro... PsSi.rs&ty
of Vyo.La. Papal +4211. (A-00I.VfO)

104..,, 1. latch.
1547. WtsLse. trio. Ladimtrys It. .co.osL. .5 p4flc.a.ci.

Vtoah1 Trod. Viad., 4). Uil*a,,ftp of VposZq.
1.1.0 00-10. CA-O0I-STD).

Ptssavt.11. .54 Ibis..
PdnLct.o, A4as 0.0..
1145. Intipatlos iisulatI.aa i.Lii svq.truaplr.lIo. .attaona

Ion p.1.11.4 1.c.tioa. 1. sostla...tu* ljAo.&l.. 0.5. 1b.s±..
liv,r.fty.f i'cu±ap. ?.sa Sosill. 1A 02-liP))

PIabin. fish P.
1.54$. laoIf aol .vapuatiou 0,.. antiS Italy Ladocad .ai dntfc,.

LI. lb.t1a. pitisnilly of W)tsl,5. ?i$Is +4+72.
(4-001-iTO)

1ai4.., Jdo?,
INS. A iib(sU-noaof C slody I., is orbs. ria. LI. ubsits.

Osiv,,.lty .1 Vyoslas. P.4.. .1+4). (1-001-iTO)

lattb.4a511,, baud C.
1045. k1s,t.d .sthol. .1 5.10.02 loS coaittypios 0,.. ,taia+a

said.... 5. Wyosia8. 5.5. tbasts. Vs1n.t1y 51 119.45$.
Papsi (.4105. CA-OIl-on)

lhs.U. VllLla P.
1545. Pbs of Cad .1 lbInZ .ttoh of bI$ .aibtosk.. aba uslan

b.4*.t sod ,srtIc.1 os,rp b1..ce. Ob.i. dL.s.ntitha.
f*vorolrs .1 119..1. P.sa .1±1+100. (4-045-iTO)

Ins., /is.i I.
1541. Liaf out patottt4 .1 j y1itj oasdUq. 4* n.lalto.

to pa.wtbai.d Hiss..! ,.I.l,r. ca01itl.si. 5.1. tOut..
Nhorol:y f 119c1q. Papa. +41+43. (6.401470.)



lIeU II Pai.*

Mr.Jft41..r.t Oftp1CmIw 1mv1nmiss1ol 01i* 11.0SIIS)
1141. Jyfts.m .rwk los £.$Sa0S.m issaid *017 aid

miter wi. 1S.r1 U.. 1101 0. 100 pmi.

+aiIa. Ioct.ty rI CivOl 1mIwsis
)%0. 10,4.1 *011 **mitN TNwrsb. A SJs$p1u rmn

Is ejiimiM et, aid dsvsks.t .1 Isqres
PVs$*1uvPfS110dbç 01117. pqw mlii + 43+ 11

3*0*11., 1400.1.
*941. lbs nlu +1 lbs Uc*miupt. AI1I Lash Is Nupestl.s,

.101.1 by V. 4. kOissi.. .o4k1w 0, 3*100w. 0.iv.
w.Ilp +0 4,11*. Pr*lI. 0045e 410-410. (0.1020)

$o.r, Ow..)
0043. Iwi p.1,1*1 .srg, .. a ail p. 1wry p,*mtfttep

I. lbS Owl PuSe i8 .r. supasts kp L.b.ratwy
Mt. s. 43.13. *ot,

Prw.V*lI1wI.
1940. 1401c1 .1 wutIthp r,Ii,ail .*1.bl.s 10

ss.earcb. hugs. 441. 11j+rIs..l 11*1w TbSk.1
t.p*. (0.10*)

Upeob.,, WI)UaiI.
0103. Upobmi.1Ke1 ..d.1, Os, I$0sisIa$ Iks 41wi1i .0

.i*,4 +se.e. Prtc..Itmgs. 1411PI$ P.ps01
III UN Si 4*0104 *4 Npil.1 Cpl*s Om
T.cw, 4,01*1. Paas 714-70). (C-ItO))

Coell., I7 I.
$% lb. lids) b.ai 0., 0$1w4u1a vMai orwisi.

0*3*0 pr...siel .4 - Istsrdtidpl.tss,y m*1m*0 at
USiv.rslIy .0 k.eau, P.4.uaiy 0,43. (0-1200)

cbi., cb..-its aid 14as14 p. lulls,
1,4,. U.s.i tIse-mirylag *4.1 .0 r.t.t.i0-raisU ratidh...

J.et..t .1 Waist 005*00.. 00s..,cb. MarIo.. C...
y.ku3 OIls.. 001*1 0. Pwb.r 3. (C.I1bs)

00w, I.
4141. A discs..iw ai thu 4SpreIvUy Iwsup I.. Iii.

b.1. miuisim tbwi.I tOss, 3*w.sl .1 eli
U,vlles 94v1at, Ala. I. os.a. 10.1001)

00*
1040. 1*.. b.ci.,ft ptyts,1wk*.. 114.10*1. iaapiik.

007 LabSr*ssJ lit. 00. 014. (0-140*)

P.1st., C.
1947. 00 lbs *1.w7 .0 1..l1.4&mil dIip.r.1w. Prso..diap,

Uob 01sats. of 18*. 001. 4, pap 1010. (04003)

lap.1. I?. 1., Or. *40. S. W1.I1w
1940. lb. stfiste .0 srbs.hu1I.as 4,ft by4*u.Øi Ow

mall ,starst*ds. 10*0.. 1*15 - 1004.40.100004
P 10. 01.13711. .0 + 00...., 4 aps4I*i..

Cabltspr, N. aid p. p. Lwcba
1049. Nub., .01.0. Os. 01*. ,.p1M 1w. Joai .0

Iydr.*01i Div., tICS. 1. psias. (0.40)4)

Ga,w, V$Iis N. *49. 5. IigLs.os
1040. 3.1.0.11*. rw,4 1mph 01, mid.*&s u1isl

471*115. $Ulttbelill* 1*11100. .4 Tadb..ISV,
Dept. .0 CivIl 1q)i.irl drsdps*4us 1abs.u.iy.
$130.4 00. 114. (0.19411)

Itol. N. aid U. P. 1*-b.
lOft. £ u*w..d w.m..$ bhbltegraply S lbs wlyeii .1

ails. 1*Hs.1e 5701*1. 01s..11 141., Ue.u.esu
0*0.,. I. p..s.. (0103*)

5*4, Pv.40.st ml.
INC. IlsI* a.4 0.0.., *0 vii.. p.11*1* 4*0 II pipsi

p1*daiIIw I. Pa, 1*4 51.1.. Delis Waist DeIwiol
00psut 011.7. (0.1)10)

Itpl VlsI.. 004s,$1*s.d 141K Cs.*rwtt. 04a110111.. I
1009. Pwio4s I., ..dttic.1I. .4 p.wd.mil.r dj,.

A mw.l p.1*100.1 by IIpl plolas V.&.r.4 *5.1,,
C.SiSn.ilai 9411,1.1 Pu. 1, 10. 0337)

000*1.044 lbpistN.
19411. (iS 48 430th 1S$lsssl pilailug. s1SlIai$s s.d

r"°1 "r" (00. sopscla*Ip

I%L (b) 1S,ttsId ip.Is .4 ,Owt 15.1. tsai1eg.lIpil*4 iJ-..Ieg M 10*1.011..,
0304. t.psw. (C.OI30),

*14*. (s) 01t.J*IINS aid pIa Mr wu.,.,swis
plawlug. ,0s.naI Istet P.11,41w 0154101
Ppdsra*ts.. (C-*10) 321

jji

4400., 1. 1. aidS. I. kyd..
1,47. 01'uIsl (Isp reg1w*0 Vr*1llaP. 11s.1; labs.

b*ua; .0 Isalls,, 3,41.0*1* Nv. .0 Ala
V.1 33,1*4., lit. P.pi 1141. (0.1011)

(*1.3.
1941, .u*1lsur1u*l,s aid (*,vIls$ l.4iddlag II 5300...

£I1 hawaii. 111.. IA. pigs PU.

100. (.1 OplLm1wtIss .1 wiplsm ift.* p11.10 47 a
&radhuI 1*151..,. AW'JJ.'sn.I. 1.1*. 11.
lap 333. (C.1431)

NI. (I) 01.41*1 11.Iqss *4 (.5018155 *4IIpltu $
1*4104115 0* .pl1.LeI* selpIui p1*0*15.
Caiadlai hai.al .0 CissOssI 3.1*sdII. ls
posat. (0.100))

*944. Ci) k,u*a.1 Sab.441q. lisralle. lIswrtaaIlai,
*4 ..1*teIaps 1100151c1,T* pIsOwiSs.
£101.5 Jamal. I. pmu. (0.1931)

Ms 5.1.0. 110m001, L.l.lrhkKlidl.. 9. PA
1,43. ltsr*l,4 1*1514*5 1. ..ptIsliiit. 11. III

Iiawflly dUtlisUy is hyi*4s p18$t1.$ ad
pulliaai,tssIlai, LICU J.us.aL. Ia ptsas.
(04430)

.5.11.., 7. P.
INS. 05,4.1., mmdii p hr 1550t,st1 i.pUtI*, 30518.1 .1

Sa.4tiry 1a$15IMtiI Pt.. 000$. 3*1*1 14. U01ir
SM. raps. 3744 (C.034)

1101. (s) A 3311*1 sppre*b IS p.l100155 0*11+0. Wiiss
.s4 Ills. 00$l.Isrl.. 1. prow. (0.10)0)

*045, (I) It.abaatls islili (It ia+07*Ii .11I,,
IwI., 33110*. 10*1510.0 lIJIQOt. CISOIlI 50151

1S.owroo 0.0*.., Is pie,,. (0-1030)

1.00, 10*5500. bIts, UpI.,,1..4 Nairist
1143. 7lwd p0.1* rq+01iai. (dl 141 Lw, M$aiusIs luvor

V.t.r,4.d P0,1,0.4 (lsro18l1L, 94'...) * k.cb..s
(1024.004 sype) viol Iv. mips. (0.1031)

Mild..., 11101*.. 0, NIl 0.1. *ajts,es
0541. A 408,114.1 II..., ,sp,5tist$tl5P .4 1*0501

raich. plaa.ub.asIp IseUliti .4 T,s4*otSi),
Dept. .0 CIvil lalisasrisi, 4r.dpe*0ca 1.0-tel,,,.
liporl 10. III. (0.1041)

14*1, Phil 0, 1. 0. 51*1.,, II. JoUr.)', I. 3. De*l.s,
aid V. 1411.

1009. 4 owsrI..1 .odst 1.. lb. .1*1.01*0.4 1(4*1 b,4,e.
ljni*0ss a .1.11w 01r.gsiu sil*0du. T*4.hc.l
lipos III 11.0*1, I0r*1t. 11$J'0*1115 L5b*rt*i7,
T'.4 Univ. .1 Twa it 4.01*5. Ii) pope. (C.113I)

Nen01Ie,Is.eul
1943. 1.1 Is,ti. .0 rec,,.lhasM bai.IiII *150* ISIStIsh

vular h.astop..* .IIoJ I. 0.110*5(1. PIAUS1IICI.
1st., t*5..ho.t wpoa. 04 pIa.. (0.1317)

Itlobope lailolpil liarus
1000. 11.1st rats. sad vol.001 4.1.. Z.tu*tisa latlstts

P*4sr 1*), (1*400* is *tbIai alit I.. bwid
Is P00051 0.1141.)

14*1.,, I. A.
1,40. V.t., bataics s,.tuattai .1 .01*11 .1 e.441e0.Isss

* .ai.r $.ld. Is IUUIoe.. 0.0.17, 5* 0aiN7.
Prsd.d1.ga, A..ech.tlIs .0 4*1,11* G.eg,11,..
941.0* I, papa 121.170. (0.1104)

Cr1.4, 1. 1. sad Isssld 1. 00*1*
1040. P.0*10.1 *15 *1 .pso.1I*1 1*4.tab is 15*05 0.1*

p1.41*1. Ptosi.diegs *0 *1. 4111 5*ai* Cs.hr.s.s,
Wsta: Os. 1.., P, 2)44. *347. (0.1377)

001111fl, 0.0., I. 3, Qsiap* .40.3,11110.r
1541. 51*4141* *1 sspai 001111141* las eosoie Inst.

mill p1.00. Pr.o*44*., 1M*-00 lpopsslsm w
*4. P.s .1 Mat. *4 01101.1 0.15.1815 1. 4,.1.V.
9.1w 7. Pa.s 94*470. (1.1141)

Qs*.p., I. I.
100$, 9.00101.. .0 a.rti*tp ts.1alsd 4701.1.gh. 4.t..

k)Isila .0 11. 10*5*11.51*4*5*0*510Is 1*
lolsatUJ 0)45.15*0. 48 p1111. (0.1103)

QsIsp., 3, 4. iii 0. 0. PhIlipS
1544. 00S Si S t*tIs*Is sl,Nid1* s1ai*M Is *150

ouwstN desip. rnwd0.p. 131101141*51,
1.11lOftLi..) Ai*adliiliS 11, 4*8i1tt 0051*14,
Iysos, Japai. P.1w 0. (0.1144)

0*, U. *40. P5g..
1040, N.isnlvlty Ia . 1111.10* 01* 0114 1*1117.

prilliss a. 33)0*510201, lii., 1*450*0 0030.0
101-). (0.1090)

N'



Ismi.rp. L*sr* .
lOt,. 1.) 0ofc..itIei aIi. 4...,d, is fetei. iii otis.

iMo.ftp iii.ly. Woe VJ'jhd. 1101i.iiIS7,
4 loaf..., noi.ioO. C.i10i)

1,0,. (0) .rlo. wia 0.1$, ssne*ptf, MIlfils 54
OrejielIss.. Oto l$ar000Ip Male. .1 Ita04sa
aol 1a4.iup. levier Is. ).3U. (C-UP))

laor,l15, 0. I.
190, lObe. Pr.,. 0.t.P rb 000mr0w.p IA.prJl .o.vroo.

$bpll,. 1mb 04rlces lecliwli Corp. V,lumI 29,
11ador I. P.° 1-l. (C-ill?)

TM, Las. (Spitisi 00.19)
*00*. 111511191 mlii rss.t*t,5 40qa1.

Mp.po plea shirts. (C-IPsO)

lovir). V.. J. A. Piaiop. I. C. lrw. esA I. VwS
l%. S*.sfilvtip s.sip.Is MIMI ii spire. l4.stUfcaIha

.n*d ftp poti.il.I Ia hpdr.laJt rosearsb. Volor
9.10.51.5 1.501,00. IsIvie 9, P,r 1, pa.s V.1.
900. (C-1011)

holes A,iss 0.
I .54. rp405Ileu$ 0.0.0.10 v*d,ivii Is lb T.zss Oath

P019t.p...1t Mud. ?masosllq* ad I3I0 Asne.1
C.'nf.rueiri. her., for Toss., 11.,, 19-70, *00*.
(Cl) PU

110q1re, liNie and 0.10$. 11. V.1950. Sr.
*000. laatttsiloa,$ tviuIralsSe 0 Ibi de.il..t of

rcp*so4 i.s.o soppIp 575110 lb. sues ad Pseroft.
pruhOrdis$., Paunk M*vsI Vat,, 1.s.,ss Cant.,
loosador 714, go ?U5. (C.1)4J)

05,55.
IIIP. A, sstIaslS.. .1 .1.4 ifisre. 0. dlop.,.isa In vile

sbs.,al., Vii., 1.ioiss., 0..Norcb. Islan. 1,
1.0.., 9, (1.9)00)

Tc,,C.I..
1001. ,019o1s7.5149.*h.oS i. ,sra$Os r#r:aqslar

sOisnits. lpI0.aasstl5p too,. TasMitil MpUOt
SQl-). tC.IC0t)

Yr.. C. L.
1000. IdOMI. .v ib. vIscrs. ,ablapsr an 4I.por,fes.

JoaI9.* .9 11s.,Ii.r7 Ist,estii'$ 11.1.1.., MCI.
1. pOur. (C4)90)

C. I.. oil 595 '0.
*90. Seal ($05515 C4lu.ncl.g 0.ipsr.laø .1 p.914mb

5a strumS. P51(51451,5, .1 liosod Ansool l.rtb
1.ilo,. kLes.l Mst5p.tl.tI 0.54., 0.1.'. .1

.4. 1.1,4, isip U-SI, 10*9. (C-lZIu)

Yan. C. K. a4 C. I. Pearls,
*04'. 1.rots..pi.I4, .vtitd*q tOO s.psr.t pasO .Sp04tO.

ii asIsIpi. ,,urv.'Lrs. J.erss* 0* Vat., *.SOvllSI

ursO. Is pe.ss (C-Ill?)

1t'u

110.01., Seas I.
110*. IsmesIs tllsIecy Sad dIvi,lb.*1'. 0asI1010."CiS

s.f £oftrbuZ. valor tra,.1r.I a lra,isoe'k tor
.salp.*.. 99.0 ibcslt. 0s.e.' Secti Uadesrslip.
(C-lUG)

liltorl. K.tth V.
3,09. DipItil e.eArr vss.r qas)Ilp .'aae.a.a' psorMo1sp

1fiC$0p0rali5 lbs st&tIsec.I pr.1*slt.. .1 leIp
.trs..fle.s. II. Io.or. tM'S.. not.. C.Uq..
(CI3Il)

p.4. P. 0.
9040. Gpcladiart.s oh versa ss.e.,cs. .pslsoe. 1.1. thist..

1mM. 50.1, *eIisr.Itp. IsahalIwl. (C-IOU)

Uapl. 51 P.
)OtP. IsIs boil aivl 1. 101 pulse. liv.,. 5.9. lii.,.

ivieS.. IVies C.I1.go. (C-flip)

P'aiSr.D.I.
190*. *.d.I.. ad oplivissIles .2 $ wooer nesorc.s

ssmtr.1 sysrar. 1.5. sMote. bout list. Uatsr9tp,
Msnhiiiss. (C-Il)))

eat... 1.1.
130$, Ostu vosoarros plls.Iq suitoR. rese45sp, Visor

1.00.0101 Plmsl. CS(IOUCO. k1.. IlsiOacMuUh,
5517 1*-h, 74$. 1s.s 37-90, feolulLtq d7.siIs..

)'.49. Cesi, .. p ,se.so One. is ipdril.ap 191.4,00.
?t$0Sl45a$. 'a( litsratfe..1 kadur Cor Ip4,,l.ti Pradus.rp,

4 fUSseS., Orbs.., litteslo, Mp U, 0001.I. In...,
5....., Ieyim.d .0. 54 1..iu0. 0$l3h
790. Pr.issp Is d'4.pI. a. Lotse.mil.. mIs. Ii 4l.eselsvi.

CS?? NI v5t rsrc sel..tStf. Vq.. 49-SI
$* Pross.4104. .1 lb. Thlxl..etb £a.ssl C.utsresss s. 1101am
ISO Pi.os, Po,esb.; 21-7*. 700*, Pen. Mit 1.1v.riUy,
Co1l.. Sean.., T.sal,

body, haul 1.
1Il. V7A aid r4311l10 bIadsgj,t. at sos.,,... (CMoest. Os

1itilej sad sev .baI1us. La .4150.1 lS5051sii 43.15.)
ad 1015 54 Wse. 0,1,.. *7, *.v 0,

Psi.. *'O-H).

l'.*.., bRoad I.
1000. Issesral Is orbs. vol., prsb1.. Prse04ta. of 10. 90.510

Mimi.,. laso.iita Castuuc.. P.;.i iSP-il),
lies., lola*d I. sad 01.. 0. PadcO.r
1009, 1q11 UlurO La wit., FOMoOCOl. Cud sad V.t.r Low

Ovate.. 9.1,.. 0.. lO.1.r 1. pups 111-10*.
pu91 a.9rl A.
100*. 4.) .*ftl., report, ru$srcb 10.1.1 as .,.U.btillp s.d

dse.iags..r .1 votot sappIp. A. .0.Ii... St 00
us 151i,r Womb. A'iK(iIlS. C..ttlro. J.vr.0 .1*aitl 101., Work. 0,5051.51.., 954. Se, 10. 9,
0'Os 10-353.

INS. (9) Cs.I.p sad visor reao.yu. .0 tao Iitt.rr..I V41e7,
betWeen,. Wets... Op I. 0, $s*initq, 11. 1.,
10013,191, 0. 9. Jabs.,., s.d 1. 9. hn,7s v990 a
PestS.. ii Sb. 4i.hr.I 5a.1*iy .1 Ohs vol., by I. A.Ms.,.. 9. 5. 004o1c.l lsrv.p VsIsr4appl, Paper
1*5g. 5. pr.,,.

IOU. V.I.P l.ie.$* 0.505*90 Cat*lq, 9.1. 0. Pairel Seal..
C000r...l PrlstLq OdlIc.. l4abia us. C.'. Isc., 1541.
(9v511a93. 0 rss it. kp.rfelsdes .2 Mc.. silo, IlisUegs..,
7.C. 70401, at $5.90 p.r upy).

19*9, CKpeSst*,s valor re.owrss. ru,51rb s.d 1*'tslM 1*0*
50.511 159001. hj.. nyu 4 304. Availa.1s Lean 099*3.

1959. 15.94 ,SIt'..st. sod effic 0. Mastic Itt. winO saphoal.
so Ilsbu a bibilegrapOp Op blesri C. heap s.d hrsr. II.
5555854, Cirsoll Vstvoraftp, tlbs, P.O., OprU *099.
(0045 p'e.il.d Op 01*11 tsr a 1Is*t.d dhIr*M.U'. Ii tOo
Pidiral G.v.r...,t, 515 50510$CtbrI s.d p5.1...). 001 ofprist.

1900. 1.1.51.1 cr0.. atom sets, r,.otf sb.trut.. Pr.p.r4 Lao
lb. Pedlisi Oslo, PencIl'. 0s.1r54 M.i54,troli.. ii coop-
irolts. cIrk lbs ,0l.r lon.,c.p kIspitfi, 1.S.rstbs.
Caster. (A,aIhsbI. sa lasso *aIk,nI.. CSOIT,1 Ilissick
knee 'sport ii. te 70-il, .4 V.tu t.arts. ki00rItte
1515r.atls. Cesur r.pom* so. 000*1 15-102, Cr.. lb.
CIsartei,s.s. C-i Y.dsrsI IclastIll, s.d T.bs*c.t Lotorvittas,
fp?I.$0t,1d, TlrI.Ls 3)591 II 03.00 pot 5.py .4 SIr for
icraf ItO.).

1940. Qartsrlp lIutfap .0 ru.s,cb ripoits sapportid 09 01*1 s.d.,
lb. Vat.1 Muosrc.. ks..r90 Aol .7 *1.4. Jol7-IsptbOr,
11*0-.

*949, Loalpais ad spits). r.Lat.d no vet., ,.n.rc.a, Op WU
1i.urcb sad Dsvahapo.M C.rpora*les, hivird.1., ISuyIs.d
*0000. torsO *949. 10 pegs.. (A,atUbhs (ran 90.
Ct.smtabo.s, C-, C-dud lcte.tifjc .4 t.tOoisst lad.,-
aIltea, $prla4l.Id, Va. 2)191, U PP 109709, 51.00 I, paper
017154 $30 I. SSc,4Scb.).

SOil. 1.9.01 00 ts.anb aussal visor rai..mc.. l.uar.b lust.'....
.pss.iadOpC1*1. Papas 1,011*.

194$. 1.3.0*54 101at is,m.,s.o Ab.trart,. 9.3. 1. A isZ.sasOLy
pabliuuIa. .1 tO. 1101am Asesemn.. leRosOltI. R.Z.a.ashs
Cislir. t'.*L AveiLabI. to 9.11.4 apsaslu, canrosogoos
51 $?MlIiO Ii MCsy 15000r5.s .p.s r.qeoil 10 Issegar.
9.150 M.'.w. kIantlit. Zsfoaail.s Cs.tsr, 01*9, 1. 0.
hapertasus .1 tOe touts., t5.0*it.., 0,0, *02*0. e
Wetness Os *1.0.54 sIb.,. Op OtOOt,lpltas-$22.CO,
les..tll, $11.00. t.r.Is.-s. lb. for 7.10.4
kIUI. 04 T.*1knd ?4s,..s La., Ppadasit.1d, 9.. *2191.

*041. bOapsIrne 04$1 l 3 ---tl I 05514 51 lb. alt
322 s.d Ul p'.$es 0,10. 3*11. Pbeadt.r, Cast., Is,i.I0essvaisp 54 iue, 1111s.t.,



APPENDIX R

OFFICE OF WATER RESOURCEJ RESEARCH

COLLEGES AND UNIVERSITIES AFFILMTEDWITH THE STATE WATER
RESOURCES RESEARCH INSTITUTES IN THE TITLE I PROGRAM - FISCAL YEAR 1969

University of Alabama
Alaska Methodist University, Anchorage
Arizona State University
University of California, Berkeley
University of California. Davis
University of California, Riverside
University of Colorado, Boulder
Florida State University
University of Georgia
Southern Illinois University
University of Iowa
University of Kansas
University of Louisville, Kentucky
Louisiana Polytechnic Institute
Louisiana State University
University of Maine
Smith College, Massachusetts
Springfield College, Massachusetts
University of Michigan
University of Southern Mississippi
University of Missouri, Rolla
University of Missouri, St. Louis
University of Montana, Missoula
Montana Collage of Mineral Scionce and Technology
St. Anselms College, New Hampshire
Stevens Institute of Technology, New Jer;sy
University of New Mexico
State Uuiversity of New York
University of North Carolina, Chapel Hill
University of North Carolina, Moorehead City
Duke University, North Carolina
University of North Dakota
University of Oklahoma, Norman
South Dakota School of Mining and Technology
University of South Dakota
Vanderbilt University, Tennessee
Texas Tecimological Collegc
University of Texas
University of Houston, Texas
University of Virginia
University of Richmond
University of Washington, Seattle
Marquette University, Wisconsin
University of Wisconsin, Greenbay
Wisconsin State University, Oshkosh
Wisconsin State Vast/ratty, Whitevater
Wisconsin State University, Superior
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STATE WATER RESOURCES RESEARCH INSTITUTES

(Names -- Addresses -- Telephone Numbers)

Mr. James C. Warman, Director
Water Resources Research Institute
Auburn University
Auburn, Alabama 36830
205--826-5075

Dr. R. Sage Murphy, Director
Institute of Water Resources
University o2 Aloska
College, Alaska 99701
907--479-7776

Dr. A. Richard Kassander, Jr.
Director, Water Resources
Research Center

University of Arizona
Tucson, Arizona 85721
602--884-2447

Dr. Aubrey E. Harvey, Director
Water Resources Research Center
University of Arkansas
Fayetteville, ArLansas 72701
501-575-4404

Dr. Robert D. Varrin, Director
Water Resources Center
University of Delaware
Newark, Delaware 19711
302--738-2440

Mr. A. O. Patterson, Director
Water Resources Research Center
University of Florida
220 Environmental Engineering Bldg.
Gainesville, Florida 32601
904--392-0840

Prof. Carl E. Kindevater, Director
Water Resources Center
Georgia Institute of Technology
205 Civil Engineering Building
Atlanta, Georgia 30332
404--873-4211 Ext. 857

Dr. Doak C. Cox, Director
Water Resources Research Center
2525 Correa Road
University of Hawaii
Honolulu, Hawaii 96822
808--944-8847

Prof. Arthur F. Pillsbury, Director
Water Resources Center
University of California
Room 2066 Epp. I
Los Angeles, California 90024
213--825-3421 or 3422

Dr. Norman A. Evans, Director
Natural Resources Center
Colorado State University
Fort Collins, Colorado 80521
303 -- 491 -6952

Dr. G. L. Corey, Acting Director
Water Resources Research Institute
Room 8-34 Engineering
University of Idaho
Moscow, Id ho 83843
208-882-3611 Ext. 429

Dr. Ben B. Ewing, Director
Water Resources Center '
3220 Civil Engineering Building
University of Illinois
Urbana, Illinois 61801-
217--333-0536

Dr. William C. Kennard, Director
Institute of Water Resources
The University of Connecticut
Storrs, Connecticut 06268
203-429-3311 Ext. 474
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Dr. Daniel Wierema, Director
Water Resources Reseirch Center
Lilly Hall
Purdue University
Lafayette, Indiana 47907
317--749-2892



STATE WATER RESOURCES RESEARCH INSTITUTES

Dr. Don Kirkham, Director
Iowa State Water Resources
Research Institute

Iowa State University of
Science and Technology

Ames, Iowa 50010
515--294-4264

Dr. Hyde S. Jacobs
Director, Kansas Water
Resources Research Institute

Kansas State University
Manhattan, Kansas 66304
913--532-6787

Dr. Robert A. Lauderdale
Director, Water Resources

Research Institute
University of Kentucky
Lexington, Kentucky 40506
606--258-9000 Ext. 2911

Dr. Elvin J. Dentin, Director
Water Resources Research Institute
Room 140 Engineering Drawing'
and Research Building .

Louisiana State University
Baton Rouge, Louisiana 70803
504-388-2961

Prof. Edgar A. Imhoff
Director, Water Resources Center
53 Illinois Avenue
South Campus
University of Maine
Bangor, Maine 04401
207--947-8852

Dr. R. L. Green, Coordinator
Water Resources Research Center
Shriver Laboratory
University of Maryland
College Park, Maryland 20742
301 - -454 -2224 or 3901
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Dr. Warren Litsky
Acting Director
Water Resources Research Center
University of Massachusetts
Room 115, Holdsworth Hall
Amherst, Massachusetts 01002
413--545-2842

Dr. Robert C. Ball, Director
Institute of Water Research
Michigan State University
East Lansing, Michigan 48823
517--353-3742

Prof. William C. Walton, Director
Water Resov-!!es Research Center
University of Minnesota
HuLbard Building
2675 University Avenue
St. Paul, Minnesota 55114
612-346-6309

Dr. Melville 8. Priest
Executive Director
Water Resource.) Research

Institute
Mississippi State University
State College, Mississippi 39762
601-323-4321 Ext. 271

Dr. George E. Smith
Director, Water Resources
Research Conti'

University of Missouri
212 Swallow Hell
Columbia, Missouri 65201
314 - -449-8128

Dr. Helmer C. Baja, Director
Montana University Joint Witter

Resources Research Center
Montana State University
Bozeman, WIntana 59715
406-587-3121 Ext. 503



STATE WATER RESOURCES RESEARCH INSTITUTES

Dr. Warren Wessman, Jr.
Director , Nebraska Water Resources

lssearch Institute
212 AgricultumdFnitineering
University of Nebraska hat Campus
Lincoln. Nebraska 68503
402-472.3307

Dr. Doors. b. MOM
Director, Center for
Water Resources Research

Desert Research Institute
University of Nevada System
Reno, Nevada 89307
702 -784 -6953

Prof. Cordon L. Byars, Chairman
Water Resources Research Center
University of New Hampshire
Durham, New itampshire 01824
603--068-1311 Rat. 494

Oen. William Whipple, Jr., Director
Water Resources Research Institute
*store - -The Stets University
New Orunrwick, New Jersey 08903
201 --2471166 Rat. 1817 or IMO

Dr. R. R. Stucky, Director
Water Roseate's Research Institute
Sew Maslen State University
P. O. Dos 3162
Las Cruces, New Merle. 88001
50-4464337

trot. Leonard S. Dvorak,
Director, Water ROMteell

sad Marisa Sciences Center
Cornell Ueiversity
446 Vellister Dell
Ithaca, Not York 14450
407...4364010 or 2345

Prof. David H. Howells, Director
Water Resources Rosearch Institute
of The University of North Carolina
124 Riddick Hunan
North Carolina State University
Raleigh, North Carolina 27607
A9 --735-2815 or 2816

Dr. Dale Anderson, Director
Water Resources Research Institute
North Dakota Skate University of
Agriculture and Applied Otiose*

Vargo, North Dakota 58102
701 - -237 -776S

Dr. Donald R. WiShinAtOeb Director
Water Resources Cooter
The Ohio State Univareity
1191 Neil Avenue
Colutbus, Ohio 43210
614--293-6108

Dr. Nicola T. Edelson, Director
Water Resources Research Institute
Oklahoma State University
Stillwater Oklahoma 74074
401 --372 -6ill Nat. 6104

Dr. Emery Castle, Director
Water Resources Research Institute
(*WO State University
Corvallis, Oregon 97331
SOS-414-2942

Dr. John C. Frey, Director
institute for Research on Lead
and Voter Resources

The teassylvaala Stets University
102 Research Deildisi 3
eniversity Path, Ileassylvasit14602
814 -- -865-8333 at 3933
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STATE WATER RESOURCES RESEARCH INSTITUTES

Prof. Ernesto P. Colon, Director
Water Resources Research Institute
University of Puerto Rico
Niyaguo, Puerto Rico 00708
809-832-4040 Ext. 332

Dr. A. Ralph Thompson, Director
Rhode Island Water Resources Center
University of Rhode Island
Xiagston, Rhode Island 02881
401-.792-2267

Dr. A. W. Snell, Chairman of
the Directorate

Water Resources
Research Institute

Clemson University
Clemeon, South Carolina 29631
003-6544421 Ext. 209

Prof. John L. Wierama, Director
South Dakota Water Resources

Institute
South Dakota State Vnivirsity
look's's, South Dakota 37006
605-692-6111 Ext. 239

Prof. Floyd C. LIMS00, blotto,
Water lesourtaa'Researoh Center
The White Menus building
the lhaversity of hasessee
lacevillo, Tomo* 37916
613..424.2151

Dr. J.R. Runkle., Director
alter losources Institute
Mae AIN Oa !varsity
Collets Station, Tunas 77141
/15-441.11111

Dr. taut% Potatoes, Mutter
(*star for Voter losometoe Research
Utah hotel/simony
Logssk,Ctek 44111
801..411-4100 lat. 141

Dr. T. N. Dona, Director
The Vermont Resources Research Center
The University of Vermont
Burlington, Vermont 05410
802$64-4511 Ext. 264

Prof. William R. Walker, Director
Water Resources Research Center
Virginia Polytechnic Institute
Blacksburg, Virginia 24061
703-.552-6710

Dr. Allen P. Agnew
Director
State of Washington Water
Research Center

Washington State staiyersity
Pullman, Washington 99163
509-335-S531

Prof. Chaster L. Dodson, Director
Water lesurch Insituto
17 Grant Avenue
Vest Virginia University
Norgastown, Vest Virginia 26506
304 -293-4204,or 4203

. Dr. Gerard A. &Alia, Director
Water Resources Coster
the University of Wisconsin
Rystratita A !eatery laboratory
Na4isos, Wisconsin S3/04
$044441 -9,7
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Prof. tam' A. **thou, Director
Water Resources Reeearth Institute
the University of Myosins
P. O. los /014
University Station
Lassie, Winning $2070
97-4441143
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